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This introductory section is part of a two 
volume Planning Guide designed to help you formu- 
late a site-specific Fnergy Conservation Management 
Plan. It provides you with background information 
about energy and energy conservation; an overview 
of the contents of the Planning Guide; and instruc- 








tions for actually making an overal! Plan. 
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FOREWORD 


The Energy Management Planning Guide is a two 


volume set of materials designed to aid site managers 
and other employees of the Fish and Wildlife 


Service in putting together a basic energy saving 
program for their sites. 





Volume I is divided into six separately bound 
sections entitled: 


I-l Introductioa 

I-2 Buildings 

I-3 Transportation 

I-4 Waste Management 

I-5 Water Conservation 

I-6 Environmental Awareness Program 


Volume II contains only one extensive section 
entitled: On-Site Generation. 


Each section may be removed from the binder 
and worked on separately. However, the final soal 
of this guide is an integrated plan, called the’ 
Energy Conservation Management Plan, for making 
refuges and hatcheries more energy efficient in 
every aspect of their operation. Presented in the 
text of each section are detailed instructions, 
along with the technical information needed, for 
carrying out a step-by-step planning process 
resulting in the formulation of the comprehensive 
plan. 


Also provided at the end of each section are 
bibliographies of related materials to supplement 
the basic information provided in the Guide. 
References to these materials, designated with a 
number in parenthesis (e.g., (1)), are often 
included in the text and are also listed at the end 
of each section. 
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INTRODUCTION 





ENERGY 


"Energy is the go of things," 
said physicist G.- Clark Maxwell. 
Everything physical in our universe 
is energy -- energy bound in complex 
patterns called matter, energy ran- 
domly dispersed, or energy flowing 
through systems. Energy is also 
defined as the capacity to do work, 
and it is in this functional aspect 
that we recognize it most easily. 

We use energy in the form of fuels 
and power to perform tasks for us. 

Energy is an increasingly 
important consideration in the 
operations of the U.S. Fish and 
Wildlife Service (FWS). During the 
last half-dozen years, the price of 
energy has increased at a tremendous 
rate, much faster than increases in 
the FWS budget. As a result, we are 
spending an ever larger portion of our 
budget on energy rather than on items 
which contribute more directly to our 
primary missions. 

Some FWS stations have been able 
to lessen the impact of energy price 
increases by instituting extremely 
effective energy conservation pro- 
grams, with energy use reductions of 
up to 50% in some cases. While this 
rate of reduction may not be possible 
for every FWS refuge, hatchery or 
laboratory, an effective energy con- 
servation program is essential at 
every FWS station. 

The purpose of this manual is to 
guide you through the process of 
developing your particular site's 
energy conservation program. FWS' 
goal is to reduce its energy use to 
the minimum level that is cost effec- 
tive and at the same time to promote 
conservation among our visitors by 
demonstrating workable and successful 
conservation measures. 


WHOLE SYSTEMS 


The best preparation for planning 
an energy management program is to 
understand the need for a systems 
approach to conservation. Systems are 
sets of interrelated parts which 
interact to perform a desired func- 
tion. To solve our energy problems, 
we need to look carefully at each part 
of the system, and we need to see each 
part as an element of the larger sys- 
tem. Each site within the Fish and 
Wildlife Service can be seen as an 
energy system that draws on external 
sources of energy for its support. 
There are great differences between 
sites in the amounts of energy avail- 
able from natural sources, amounts of 
fuel and human energy consumed for 
maintenance, and potential for 
increased energy efficiency. The 
energy efficiency of each unit of the 
national system of fish hatcheries and 
wildlife refuges helps determine the 
efficiency of the entire system. 


A MODEL CONSERVATION 
STRATEGY 


The use of energy can be viewed 
easily within a simple model for 
energy use and transfer. First, there 
is a demand or a need for the perfor- 
mance of a desired function. To pro- 
vide this function, there is an 
energy-using system or component of a 











system. An energy input is required 
to make the system work. As the 
desired function is provided, a cer- 
tain portion of the energy input is 
rejected as waste -- energy not used 
in the process. This waste is inev- 
itable whenever there is a transfer of 
energy. Figure | illustrates che 
energy model. 
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Figure 1 Energy Use and Transfer 


Energy-Using Systems 


Virtually all natural and manmade 
systems use energy in some fora. 
Natural systems capture and convert 
energy from sunlight; manmade systems, 
such as buildings or transportation 
systems, depend on the energy inputs. 


Energy Inputs 


These are the energy sources used 
directly or indirectly in the energy- 
using system. They include natural 
gas, propane, gasoline, fuel oil (both 
No. 2 and No. 6), coal, wood, water, 
solid waste, solar, wind, and hydro- 
electric energy. Some of these inputs 
are supplied commercially and paid for 
as a part of a site's energy budget. 
But it should not be forgotten that 
“free” energy often comes indirectly 
from the sun, the wind and heat from 
human bodies. 


Desired Functions 


Energy inputs are processed by 
systems and the components of systems 
to provide for desired functions. 
Taking a building as an example of an 





energy-using system, such desired 
functions include heating of domestic 
hot water, space heating and cooling, 
ventilation, lighting, and cooking. 


Just as dirt is matter out of 
place that can't be used, so waste © 
energy is energy out of place that 
can't be put to useful work. Since 
perfectly efficient conversion is 
theoretically impossible, there is 
always some waste in any transfer 
process. This occurs in the form of 
heat, water, and solids. However, 
what is waste in some circumstances is 
useful work in others. For example, 
heat given off by incandescent Light- 
ing systems may be waste during the 
summer months, when air conditioning 
is required for space cooling. During 
the winter, by contrast, the heat from 
the same lights can help to warm space, 
and slightly reduce heating loads. 


Efficiency-Evaluation 


You must always put into a system 
more energy than you can get out as 


useful work. This difference between 
energy input and useful work output is 


called the efficiency of a system. 
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Efficiency can be evaluated by 
looking at the ratio of the energy 
that goes towards providing the 
desired function (x) and the energy 
input (a). If (a) in our model is 
100 gallons of fuel oil and the heat 
from only 40 gallons provides the 
desired function (x), then the heat 
from 69 gallons is waste and the 
system is 40% efficient. To improve 
efficiency, the percentage of energy 
input that is used to perform a 
desired function must be increased. 
This can be done by increasing the 
efficiency of the system or component 
(e.g. reducing required fuel oil to 
40 gallons in the above example), and 
by capturing waste energy for use as 
an energy input to the system. 


BENEFITS FROM CONSERVATION 


Adoption of sound, well-conceived 
energy management programs provides 
many benefits. Some benefits are easy 
to recognize, because they are quanti- 
fiable (figured in numbers) and can be 
added up at the end of the month or 
year. An overall savings of 20% in 
annual gasoline consumption or a 
reduction in the fuel oil bill of $400 
in a quarter are examples of quanti- 
fied benefits that can be directly 
related to a program of energy-saving 
measures. Other benefits are less 
apparent since they cannot be quanti- 
fied and will never appear on the 
balance sheet. Programs to inform the 
public about the need to save energy 
and conserve scarce resources are 
important, but often cannot be evalu- 
ated in terms of Btu or dollars saved. 

The benefits of conservation may 
also be distributed unevenly among 
affected groups. When an aggressive 
program is launched, the benefits may 
spread considerably beyond those who 
undertake the first set of measures or 
those who initially invest in 





conservation. As a broad example, the 
country as a whole benefits when 
energy consumption becomes more effi- 
cient; because less money flows out to 
foreign countries, demand is reduced 
on remaining domestic fuel supplies, 
and more time to convert existing 
energy systems from nonrenewable to 
renewable energy inputs is gained. 

The same considerations apply at 
FWS sites. There are strong reasons 
to undertake measures that will result 
in direct reductions in the annual 
budget for energy, so that energy 
expenses will not inflate so fast and 
so that energy use may be controlled 
in line with Departmental program 
goals. There are also good reasons to 
undertake measures that do not yield a 
direct impact on the site energy bud- 
get, but which nonetheless save energy 
foc other individuals or groups. For 
example, energy consumption by the 
visiting public is an especially 
important area. Planning for people- 
movers or other mass transit systems 
to operate within the boundaries of a 
refuge may have no impact on the 
energy budget of the refuge, or might 
even cause an increase in the refuge's 
annual budget. However, it may also 
result in a considerable non-budgetary 
savings in energy use by visitors, 
because fewer vehicles wii: be used to 
tour the refuge. Additional benefits 
may come in thee form of reduced air 
pollution. 




















Identifying the expected benefits 
from conservation measures is a key 
step in establishing any program for 
energy conservation/management. Bene- 
fits are available at points where the 
system is wasting energy right now. 
Once you locate the inefficiencies in 
a system or component, you need to 
estimate the actual dollars and cents 
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Figure2 Energy Use Converted to Fuel Dollars for Residences 


savings for each energy saving 
measure. 

The following discussion concerns 
detection of waste and economic 
analysis. 


Energy waste is energy that isn't 
used to provide a desired function and 
that can't be captured for use as an 
energy input. Because we're well 
acquainted with our buildings and 
vehicles, we often don't readily 
recognize the waste involved in their 
use. Or, if we do, we've learned to 
live with it. But, if we continue 
with business as usual operations, we 
will fail to understand how we're 
losing energy and how great the waste 
is. ints Tack of knowledge seriously 
Timits the ability to do anything to 
improve the situation. 

Two basic methods are available 
for detecting and revealing waste -- 
the essential first step in planning 
an effective energy management pro- 
gram. Basic method number one is 
energy accounting; number two is a 
systems inventory and analysis of 
conservation measures. 











En. rgy Account ing 





Enerey accounting links energy- 
using systems to energy consumption by 
monitoring consumption of nonrenewable 
fuels. The more closely you can 
measure nonrenewable fuel consumption, 
whether it is gasoline for generators 
or propane for cooking ranges, the 
better your conservation planning will 
be. Accounting shows you energy waste 
by relating specific energy use to a 
standard of efficient usage. With a 
data base, you can begin to understand 
how these relationships work. 

For instance, from your data you 
could construct a bar chart of energy 
use in the buildings at your site that 
assigns fuel dollars to each resi- 
dence. If you know how much No. 2 
fuel oil each building uses, you can 
make comparisons among the buildings. 
The moment you start comparing, you 
are using a standard. 

In Figure ?, if you assume that 
all the residences are the same size, 
you will notice that residences 7 and 
9 aypear to be using much more fuel 
than the others. A standard of com- 
parison can also be used for vehicles. 
If nine of your mini-pickup trucks get 
between 30 and 37 mpg, and the tenth 
gets 21 mpeg, then the tenth truck is 
probably wasting energy. 
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This is whet energy account ing 
does. it tel!s you where you stand by 
allowing you to compare your own rate 
of fuel usage with an average or with 
an efficiency standard. You will be 
given information in each Section of 
this manual which will help vou to 
determine if your buildings, vehicles, 
etc., are above or below average 
efficiency standards. 


Systems Inventory ard Analys.s of 
Measures 








Phen we attempt to account for 
energy use, we need to understand the 
physical characteristics of the system 
we're trying to improve. This means 
making an inventory of the system, to 
identify its various working parts and 
how they might affect energy use. 

This inventory helps to narrow th 
focus to areas with the greatest 
potential for savings. Most energy 
using systems offer opportunities for 
efficiency improvements. These are 
frequently typical for a class of 
systems -- such as buildings -- and 
are called conservation measures. 
Comparing a list of typical conserva- 
tion measures for buildings with one 
of the buildings you manage will 
reveal opportunities for savings. 

This is a physical method for detec- 
ting waste. It will raise questions 
like “Could we replace this water pump 
with a more efficiext one?"; “Could we 
use more car-poolin: to get the food 
service staff to and from work every 
day?"; or "Can we replace our electric 
hot water heaters with solar units?" 





Combining Approaches 





Used separately, either energy 
accounting or systems inventory and 
analysis is imperfect; used together 
they are exceptionally effective. 

You will work out your own methods for 





putting the approaches together, dut 








one useful procedure is outlined 
below. 


1. Account for energy use first, 
to target your inventory of 
energy-using systems. 


©. Then, match conservation mea- 
sures with the systems you 
sus' ct are wasteful. 


3. Lastly, check your energy 
accounts. 


a. When you have computed 
energy savings for a 
conservation measure or 
set of measures, the total 
savings should seem rea- 
sonable. For instance, do 
the estimated savings add 
up to more than the cur- 
rent fuel ase? 


db. When vou have not been 
able to compute energy 
savings for a conservation 
measure or set of mea- 
sures, check your consump- 
tion against a stac4tard 
(either a national stan- 
dard or an average of the 
consumption of your own 
stock for that particular 
energy-using system). If 
vour consumption is high 
in relation to the stan- 
dard, you should have the 
confidence to go ahead 
with the measure. 


As you develop more experience at 
your site, you will be able to make 
e.ch technique increasingly accurate. 
The first attempt at energy account ing 
is bound to be rough, but as you 
improve your data on fuel consumption, 


our energy accounting picture will 
tell you more. in fact, the beauty of 

















energy accounting is that 44 you carry 
out your conservation program, you 
will start to see the energy savings 
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from the conservation measures you've 
implemented. Your assessment of other 
potential conservation meas’:res and 
the savings associated with them vill 
also become more accurate. 


Economic Analysis 


The approaches presented above 
will show vou where vou could get 
improvements in efficiency, but 
they're not enough to tell vou if you 
should make the improvements. To make 
this decision, you need to calculate 
the cost-effectiveness of measures. 

Generally, a@ measure is consid- 
ered cyst-effective if the total 
amount of money saved during its 
entire life is greater than the total 
amount required to implement, install, 
operate, and maincain it over the same 
time period. A measure is not cost- 
effective if you must spend more than 
you will save during the entire time 
the measure is in effect. 

The indicator of cost- 
effectiveress for energy conservation 
measures which best suits your needs 
is payback period. Simple payback 
period (SPP) is figured by dividing 
the first cost (purchase and inetai- 
lation) of a measure by the first year 
energy savings, expressed in dollars. 








For example, if the first cost of a 
measure is $100 and the first vear 
savings will be $50, the payback 
period is two vears. S?P is rela- 
tively easy to calculate: the data 
required are likely to be available or 
can be estimated with some relia- 
bility; and it gives a rough rule of 
thumb for comparing measures with 
varving first costs. 

SPP also has some drawbacks if it 
is used as the only indicator of cost- 
effectiveness. It does not consider 
costs or savings in operation and 
maintenance which could be very sig- 
nificant to your operating »udget. 

Determining payback period will 
not automatically .ell vou if a mea- 
sure is cost-effective. To make this 
determination vou must set an upper 
limit for payback periods. If you 
array all the pavback periods assoc i- 
ated with energy-saving measures at 
your site, it might look like 
Figure 3. Somewhere along the payback 
line you reach a point of diminishing 
returns at which it no longer pays to 
invest in measures with greater pay- 
back periods. At this point, the 
costs begin to outweigh the benefits 
for the foreseeable future. Unfortu- 
nately, we can never accurately deter- 





mine that point, because we cannot 
accurately predict the future. 

If you believe you should invest 
in all the energy-saving measures with 
a payback period of five years or 











SPP first cost (S$) less, that implies you know the cost 
(years) = first year of fuel during each of these five 
savings (S$) years. If you don't, you would not 
Measure A Measure B Measure C 
1 year 3 years § years 
0 infinity 
years 


Figure3 Payback Periods Projection 
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reallw be predicting ecor-zaic benefits 
accurately. But the p-ice of fuel is 
probably rising faster than the costs 
of the material and labor for the 
measure. So, by using simple payback, 
you will never run out of economically 
sound, energy-saving measures. 

Right now you could undertake 
everything with a payback period of 
three years or less; if you refigure 
the payback period next year on all of 
this year's rejected measures, some of 
your rejects will not be rejects any- 
more. This is because fuel prices 
will likely rise faster than costs to 
install the measur:s. Notice, for 
instance, that the recommended thick- 
ness of attic insulation has been 
steadily creeping up for several 
years. This is because even though the 
price of insulation has gone up, the 
price of fuel has goue up faster. 


The Fis) and Wildlife Service is 
required to develop an effective 
energy conservation program which will 
reduce building energy use by 20 per- 
cent and petroleum-based fuel use by 
30 percent. This Planning Guide is 
designed to help site managers and 
personnel to develop energy cnserva- 
tion programs for their sites which 
will achieve this objective. 

All processes in natural and 
manmade systems involve the transfer 
of energy in some form. A compre- 
hensive energy conservat ion/management 
plan addresses energy flows and bud- 
gets in each major part of the system. 
In this program, we have divided the 
typical system at FWS sites into major 
areas where energy savings may be 
obtained or where renewable energy 
sources may be tapped. These are: 


@ Buildings 
@ Transportation 
@ Waste Management 





@ Water Conservation 

@ Environmental Awareness 
Program 

@ On-Site Generation. 


With the exception of On-Site Genera- 
tion (which is covered extensively in 
Vol. II), this Planning Guide, Vol. I 
offers for each of The areas listed 
above: 


@ Discussion of energy use and 
opportunities for enerey 
savings 


@ Step-by-step guidelines, 
called a “Planning Process, 
for developing an Energy 
Conservation Management Plan 


@ Planning Tools which assist in 
carrying out the Energy Plan 


@ Detailed instructions con- 
cerning the use of the Plan- 
ning Process and Planning 
Tools. 


Although the specific steps in 
the planning process vary slightly for 
each secticvn in the Planning Guide, 
the overali process is the seme, and 
contains five general eteps: 


@ Collection of Information 


@ Completion of Data Forms 
(where applicable) 


@ Selection of Potential Energy 
Conservation Measures from 
Worksheet I series in each 
section 


@ Completion of Measures 
Evaluation: Worksheet II, for 
each section 
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@ Completion of prioritized list 
of options from all sections 
using Summary Plan Worksheet 
Im. 


Collection ct information 


The first thing you should do in 
developing your overall energy plan 
for each specific area covered - 
Buildings, Transportation, etc. - is 


to read the material in those sections 


concerning the technologies involved 
in energy conservation for that area; 
various approaches to energy conrerva- 
tion; descriptions of the way the 
potential conservation measures are 
organized; and discussion of the 
reference books. 


Completion of Data Forms 


Certain sections contain data 
collection and analysis forms to help 
you organize information concerning 
equipment at a site. The information 
collected on the Data Forms may be 
useful in evaluating some energy 
conservation measures. These forms 
should be completed when data is 
available and when applicable. 


Each section contains a list of 
conservation opportunities from which 
you will select measures to consider 
for your site. These measures are 
contained in the Worksheet I sceries 
presented at the end of each section. 
Specific instructions for select ing 
measures are also discussed in each 
section. 





In reviewing the measures you 
should first determine whether or not 
thev are apvlicable to your site. 

(For example, a measure may not be 
appropriate because it applies to 
types of buildings, vehicles, pro- 
grams, or equipment that do not exist 
at your location.) Next, you will 
note that by each measure is an indi- 
cation of its priority. Immediate 
priority measures, designated “1,” 
should be ‘aplemented as soon as pos- 
sible since the investment required is 
very emall and the savings generated 
insure almost immediate payback. High 
priority measures, designated "HH," are 
those which will require a significant 
investment but which are certain vf 
economic payback in a very short time. 
If sufficient station funds are not 
available to implement these measures, 
they should be included in the next 
budget submission for fundirg. Fin- 
ally, some measures, designated “F" 
for “further study,” may require de- 
tailed analysis to determine if they 
are economically justified. Assis- 
tance may be needed to determine their 
feasibility. 

At any point in the planning 
process you may find that you need to 
know more about 4 measure. The 
"Technical Reference” gives you 
sources and page numbers where you can 
find additional background information 
or specific dita for figuring costs 
and savings. Some measures do not 
require references since thew are 
sei f-explanatory. 

After you have reviewed the list 
of measures, those measures that were 
judged to be “potential activities” 
should be written on blank worksheets. 


Completion of Worksheets II: 
Measures Evaluation 


The Worksheets II series are 
designed so that filling in the 
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columns from left to right takes you 
through a step-by-step decision-making 
process. (See sample Worksheet IT: 
Measures Evaluation, on following 
page.) 

The basic blank Measures Evalua- 
tion Worksheet has columns to be 
filled in for each measure; the left 
page includes a preliminary assessment 
of feasibility and desirability, and 
the right page examines implementation 
issues in more detail. 

Definitions of the columns on the 
Measures Evaluation Worksheet follow: 

Potential Benefits: The positive 
eftects that you can expect from 
implementing a specific conservation 
measure. These qualitative payoffs 
include both direct benefits and 
spinoffs. Exam,‘'es include the type 
of energy savings expected, the 
approximate amount of the savings, 
positive visitor impact, labor sav- 
ings, reduced maintenance, community 
goodwill, staff morale, overall 
resource conservation, etc. 

Action Required for Implementa- 
tion: An initial estimate of the 
types of activities the refuge or 
hatchery must undertake in order to 
carry out a measure. The following 
types of activity can be entered in 
this column: 











@ issuing a policy 
@ instituting incentives 
@ training staff 


@ purchasing equipment or 
materials 


@ embarking upon a major 
construction program 


@e hiring contractor(s) 


@ obtaining clearance from 
outside authorities (sur- 
rounding community, state, 
regional office, etc.) 





At this point, no further detail on 
these activities is necessary. 

Barriers to Implementation: 
Factors which may complicate or pre- 
vent implementation of each measure. 
These may be environmental limita- 
tions, conflict with other site 
activities or purposes, insufficient 
number of staff, lack of staff motiva- 
ction, community expectations for the 
site, visitor needs and viewpoints, 
estimated amount of cost, administra- 
tive opinions, existing refuge or 
hatchery policies, scheduling con- 
flicts, health and safety considera- 
tions, etc. 

First Check Point: Initial asses- 
“rent of how practical and desirable a 
measure is. You will now need to 
decide whether or not a measure de- 
serves further considerations by com- 
paring expected benefits with barriers 
to implementation. At this point in 
the planning process, you are being 
asked to make a careful judgment based 
on the largely soupoant Pratl pros 
and cons of each measure. There are 
three choices for you to make - "go 
on," “stop,” and "study." 








e "Go on" is used when benefits 
are high and you expect that 
ycu can overcome barriers, or 
when benefits and barriers 
appear to be of equal value. 


e "Stop" is used when benefits 
are low and barriers are high, 
Oo; whenever you cannot over- 
come the barriers. 


e "Study" is used when technical 
advice is necessary in order 
to examine implementation 
issues, particularly for mea- 
sures requiring major capital 
investments. If you do decide 
to do a "study," complete the 
cost column under “implementa- 
tion issues" to show how much 
it will cost to contract with 
experts. 











Worksheet Il: ivieasures Evaluation 





Current eed van Savi Payback Motivation Problem 
menurs| Cre [Penis Ben] tor | saoremenevon| mee | Cont | Severs | ‘ate | Tinie Nees | Monesion 
tatus ' estion mplementation Point eri ncentives 
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Implementation Issues: Detailed 
examination 01 major factors involved 
in the implementation of each measure 
after you have made a “go on" or 
“study” decision. Each of these 
issues is discussed below with sugges- 
tions about types of information to 
use when completing these columns. 

Costs: Dollar outlays and staff 
time required to follow through with a 
measure, or to conduct a feasibility 
study. Cost information can include 
purchase of equipment and materials; 
staff time spent installing, maintain- 
inj and operating the measure; train- 
ing costs; hiring of outside con- 
tractors: and monitoring the impact of 
the measure using mechanical devices, 
reporting forms, etc. Costs break 
down into first costs (of installation 
or implementation) and ongoing main- 
tenance and operating costs. Analyze 
costs as precisely as possible in this 
column. 

Savings: Dollar and energy sav- 
ings which might result directly or 
indirectly from the implementation of 
a measure over a given period of time. 
It will be helpful when compar ing 
measures if you express energy savings 
in actual terms (gallons, kilowatt 
hours, etc.) and also in Btu. (See 
Tables, Appendix A, Vol. II). 

Payback Period: See Page 6 for 
detailed discussion. 


Training Needs: Additional 
skills and knowledge which site staff 
must have in order for them to imple- 
ment, operate, m«intain, and monitor a 
measure. 

Motivation Problems and Incen- 


tives: Barriers to introducing a 











measure which relate to attitudes of 


staff and visitors, and plans for 
overcoming these barriers. Motivation 
problems result when attitudes trans- 
late into uncooperative behavior and 
lack of participation. Motivation 
problems are frequently stated in 
terms of “People don't want to..." or 
"People won't..." Incentives provide 
a means to increase motivation. They 
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satisfy individuals’ needs for recog- 
nition by peers and supervisors, 
authority and responsibility, advance- 
ment, personal achievement, personal 
growth, money, and other rewards. 

For the measures in each section 
designated “I" for “immediate 
priority,” you should focus on how to 
implement them rather than whether to 
implement them. To help you work 
through them quickly, four of the ten 
columns on the Measures Eva--ation 
Worksheet may be omitted: “potential 
benefits," “first checkpoint ," 
“savings,” and “payback period." 

A sample completed Worksheet II: 
Measures Evaluation has been included 
in each section following the list of 
Potential Conservation Measures. 





Completion of Worksheets III: 
Summary Plan 


Once the Worksheet II series has 
been completed (using one sec for each 
section), this iaformation should be 
pulled together to make one overall 
site energy conservation plan. You 
will do this by using the format pro- 
vided in Worksheet III: the Energy 
Management/Conservation Plan Summary. 
This list will be your summary of 
measures for conserving energy at your 
site based on the analysis provided in 
the Planning Guide. 

By now you should have developed 
projects from several different 
planning areas, such as buildings, 
transportation, waste management and 
environmental awareness. Some proj- 
ects are justifiable on economic 
grounds - the investment in time and 
money to accomplish the project will 
be more than offset by the cost 
savings resulting from reduced site 
energy use. Some projects may not 
produce large energy savings for your 
refuge or hatchery, but would make a 
considerable contribution to overall 
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community energy savings. Still other 
projects may be justifiable for their 
value in communicating a conservation 
message to employees and the public. 
With such a mixed bag of possible 
conservation projects before you, it 
may not be obvious which should be 
undertaken first. 

The purpose of this section is to 
give you a process for producing an 
"integrated" energy management plan. 
In using this integration process, you 
must use judgment as to what makes the 
most sense for your refuge or 
hatchery. 

Worksheet III includes the 
following entries: 


@ Measure - a brief description 
or name of the conservation 
measure in question, obtained 
from an appropriate Worksheet 
Il: Measures Evaluation. 


@ Benefits - the benefits of the 
particular measure in ques- 
tion, obtained from the Mea- 
sures Evaluation Worksheet. 


@ Estimated Energy Savings - *he 
energy savings resulting from 
the measure as shown on the 
Measures Evaluation Worksheet. 


@ SPP - the simple payback perioa 
of the measure as shown on the 
Measures Evaluation Worksheet. 


@ Planned Implementation (FY) - 
the fiscal year when you plan 
to implement the measure in 
question. 


@ Funding Source - an indication 
of the source of money for 
accomplishing the project, 
such as current FY 0&™ funds 
future budget, interagency 
demonstration funding, etc. 


@ Responsible for Implementation 
- the person on the refuge or 


hatchery staff who will be 
assigned responsibility for 
implementing the project. 


Step l. 


Group Measures According to 
Priority 








The list of energy conservation 
measures contained in each section of 
the Guide provided a general indica- 
tion of each measure's priority, »eing 
designated either “immediate,” “high 
priority" for funding, or requiring 
“further study." In this step you 
should group all measures of similar 
priority from each planning area 
together. For example, if you had 
found measure 1.8 of the buildings 
area (closing off unused areas); 
measure 2.la from the transportation 
area (establishing preventive main- 
tenance schedules ard checklists); and 
measure 1.3a of the water management 
area (installing flow-reducing shower 
heads and faucets) to be applicable to 
your station, you would group them 
together. 

Projects which do not produce 
cost savings directly for your site 
should still be included in one of the 
three general priority categories. 

Use your best judgment in determining 
which category is appropriate. The 
objective here should be to produce 
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maximum benefits for the least cost. 





Step 2. Rank Measures Within Each 


Grouping 


You snould now have three groups 
of measures: one set identified as 
immediate priority, one set identified 
as high priority for funding and one 
set identified as requiring further 
study. 

Immediate priority projects are 
those which you should implement as 
soon as possible. The ranking of 
these measures can be accomplished 
quite simply by doing those which are 
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easiest first. If you are unsure of 
which measure is easiest to implement, 
you can review the Required For Imple- 
mentation column of the Measures Eval- 
“ation Worksheet. 

Measures grouped under the high 
priority for funding category should 
be ranked primarily on the basis of 
Simple Payback Period (SPP), that is, 
the lower the SPP, the higher the 
rank. Thus, a project with an SPP of 
1.2 years should be ranked above a 
project with an SPP of 3.4 years. In 
some cases you may want to rank a 
project with a low SPP (but still 
acceptable) and low investment cost 
above one with a higher SPP and high 
investment cost because sufficient 
funding is immediately available for 
the first but not the second measure. 
For example, project A has an SPP of 
5.6 years and costs $150 to implement. 
Project B has an SPP of 2.1 years and 
costs $1,500 to implement. Because of 
effective conservation actions, $200 
in station O&M funds are available for 
further conservation investments. In 
this case it would make sense to rank 
project A above project B. 

Comparing projects which do not 
produce direct energy and cost savings 
for your station with those that do is 
somewhat more difficult. No hard and 
fast rules can be given for this sit- 
uation. You will have to use your 
best judgment here, realizing on the 
one hand that primary emphasis should 
be given to measures producing direct 
cost savings to the station, but that 
the FWS does have an obligation to 
contribute to community energy 
conservation. 

Finally, for projects which 
require further study, you should 
review the potential benefits and 
energy and cost savings for each 
project. You will not, of course, be 
expected to implement these projects 
until they have been adequately 
studied. The objective here should be 
to determine which project to study 
first. Here again, all you need to do 





is apply judgment in determining those 
which will produce maximum benefits 
and savings and rank accordingly. 


Step 3. Determine Funding Limits and 


Sources 








In this step you should deter- 
mine the amount of money available 
in your station's budget that could 
oe made available for energy conser- 
vation investments. Often, circum- 
stances will arise which make it 
possible to fund small, high-priority 
projects from station funds. For 
example, a wetter than normal year 
could mean reduced pumping costs at 
your refuge or hatchery, which could 
mean that money is available for 
conservation investments. Regional 
and national sources as well as 
potential demonstration project 
funding from other agencies are also 
possibilities for project funding 
which should not be overlooked. 

Your objective here should be 
to determine the amount of money 
that is realistically available for 
conservation investment. Guidance 
should also be available from your 
regional office as well as FWwS 
headquarters regarding energy 
conservation budget submissions 
for future years. 

You should now be able to deter- 
mine which projects are "immediate" 
and should be implemented within the 
current fiscal year. All “high 
priority" projects should be accom- 
plished by FY 1985, and your plan 
should be developed accordingly, 
keeping in mind the Service's man- 
dated requirements. All studies 
for projects “requiring further 
study" should be completed by 
FY 1981. 

A sample completed Work- 
sheet III: Summary Plan, along with 
a sample cover letter for sending 
it to the Regional Director are included 
in the Appendix. 
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Energy management planning 
involves everyone. Because energy 
flow occurs in all natural processes, 
every specialist who knows his system 
well can make a contribution to the 
efficiency of the whole. In FWS 
operations, the maintenance divisions 
will have a special responsibility: 
they must find ways to increase effi- 
ciency and minimize the cost« of main- 
taining the system. Concessionaires, 
too, if part of the system, will be 
involved in planning energy management 
programs. These groups can perform 
more efficiently if they have the 
support of management and of other 
divisions, and of agency professionals 
who contribute specialized expertise. 





NOTE: You must involve everyone 
on your site staff in the develop- 
ment of the site plan if you wish 
them to be motivated to carry out 
the plan. Your first reaction may 
be that clerical, biological and 
other non-maintenance personnel 
would probably not contribute much 
to energy conservation plan 
development because of the tech- 
nical nature of many of the 
measures. However, these are the 
people living in the buildings and 
carrying out the operations 
throughout the site. They ere 
also the ones who control most of 
the energy environment, setting 
thermostats, turning lights on and 
off, driving vehicles, producing 
waste products, operating labora- 
tory equipment, etc. Their ideas 
and suggestions can contribute to 
a more comprehensive and workable 
plan and should not be overlooked. 











Also important to you as you are 
developing your energy saving plan is 
the Regional Energy Coordinator. It 
is the Coordinator's responsibility to 
assist you in working out problems, in 
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gaining access to technical informa- 
tion, and in making your more diffi- 
cult judgments. 

Sites in the FWS are windows into 
the world of nature and our nation's 
history. They preserve the ecological 
and cultural roots from which today's 
society has grown. The millions of 
visitors who come each year to enjoy 
the resources at refuges and-- 
increasingly--hatcheries and other 
areas, experience the links between 
man, nature and the past that often 
are lost in the bustle of urban life. 
These special places can be showcases 
of wise energy management, illustrat- 
ing how a better balance between man 
and nature can be achieved. Of 
course, the opposite is true, too; as 
the public becomes increasingly aware 
of the need of economy and efficiency 
in energy systems, poor energy manage- 
ment will be noticed by visitors an 








interested groups. 





Energy use in every Federa) 
government operation will be scrutin- 
ized more closely in years to come. 
Through planning, FWS sites can become 
models of wise energy management that 
will serve as examples to other 
government agencies and the general 
public. 
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SAPPLE ® 


Regional Director 

U. S. Fish & Wildlife Service 
Federal Building, Ft. Snelling 
Twin Cities, MN 551il 


Transmitted is the completed Energy Management/Conservation Plan 
Summary for the FWS Clear Lake Hatchery. This has been completed 
using the FWS Planning Guides, and summarizes the best opportuni- 
ties available for energy and cost savings at this site. 








Sincerely, 


AMIN 


Richard Daly, 
Chief Biologist 


Enclosure @ 
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ABSORPTION CHILLER 
A refrigeration machine using heat as the power input to generate chilled 
water. 


AERATORS 
Units added to faucets (normally kitchen) to introduce air into the stream 
of water to reduce splashing. 


AEROBIC DECOMPOSITION 
The action of bacteria that can live only in the presence of oxygen, to 
break down organic wastes into soil conditioners and water. 


AEROBIC TREATMENT UNITS 
Units in which the action of bacteria (that can live only in the presence 
of oxygen) is used to break down organic wastes into soil conditioners 
and water. 


AERODYNAMIC DRAG 
The retarding force acting on a vehicle (truck, airplane, etc.) moving 
through the air or any gaseous fluid parallel and opposite to the direction 
of motion. 


AIfi SHIELDS FOR LONG DISTANCE TRUCKS 
Shields or deflectors used to streamline the truck and reduce air resis- 
tance. 


AMBIENT 
Surrounding, i.e., ambient temperature is the temperature in the surrounding 


space. 


ANAEROBIC DIGESTION 
The action of bacteria in the absence of oxygen to break down wastes into 
soil conditioners and methane gas. 


AQUACULTURE 
The culture of plants and animals in fresh water for human and animal 
foods. 


AS"1 RAE 
American Society of Heating, Refrigerating and Air Conditioning Engineers. 


ATTIC HATCHWAYS 
Passages giving access to an enclosed space above the top story of a 


building. 


BAFFLE 
A device used to check, retard, or divert flow. 


BALLAS TS 
In lighting, a device used in starting a circuit for fluorescent and other 
types of lamps. Otherwise, extra weights for stability. 











BARRIERS TO IMPLEMENTATION 
© Factors which may complicate or prevent implementation of an energy con- 
serving measure. 


BILOCCNVERS ION 
Conversion of a form of energy not directly serviceable to man to one that 
will service his particular needs by living systems. Examples: processing 
of organic wastes into methane and other gasses by bacteri2z; storing solar 
energy in chemical form by energy crops. 


) 
B LODEGRADABLE 
) 


The characteristic of decomposing resulting from the action of microorganisms. 
BIOFUELS 
Fuels derived from living or recently living plant materials. Examples: 
wood, methane from sludge, alcohol from distillation. 
BIOGAS 
Gas generated by anaerobic digestion of organic wastes. 


BIOLOGICAL TOILETS 
Recycling toilets based on biological principles of waste digestion; body 
: wastes and toilet tissue are turned into water by the continuous action of 
enzymes and bacteria, both aerobic and anaerobic, in the base of the commode. 


BIOMASS 
A collective term that includes all plant material, from bacteria to trees, 
living or recently living. 





BIOMASS ENERGY 
Energy from biological sources. 


BLACK WATER 
| Effluent from toilets. 


BLOW DOWN LOSSES 
: Losses occuring with the dischaige of water from a boiler or cooling tower 
sump to reduce the high proportion of total dissolved solids in the water. 


BRITISH THERMAL UNIT (BTU) 
A unit of masure equivalent to the amount of heat energy required to 
raise the temperature of one pound of water one degree Fahrenheit at 50°F. 


BUILDING LOAD 
The amount of energy in Btu or kwhs required to supply a building with 
energy to maintain desired indoor comfort conditions and to operate build- 


ing equipment. 


CANWELL SYSTEM 
Canadian Water Energy Loop 


CARB URE TION 
Yd] To combine chemically with a carbon; to enrich by mixing with volatile 
carbon compounds. 











CELLULOSE 
A relatively tough and rigid substance which constitutes the walls of plant 
cells. 


CLUTCHED FAN 
A radiator fan on trucks or large vehicles that is engaged to, or dis- 
engaged from, the crankshaft in the engine by a clutch activated by a 
thermostat connected through the engine block to determine the tempera- 
ture of the cooling fluid. 


COAGULATION SEDIMENTATION 
Where coagulating agents are introduced into waste water to speed up sedi- 
mentation by causing the suspended material (small solid particles) to 
come together into larger, heavier masses and settle out faster. 


COGENERATION 
Careful preservation, protection and management of a natural resource 
to prevent exploitation, destruction or neglect. In energy conservation, 


cutting back on services or improving efficiency in order to save energy. 


COMB US TION 
A chemical process (as in oxidation) accompanied by the evolution of 
light and heat: an act or instance of burning. 


COMPOS TING 
Biochemical decomposition of organic wastes to produce humus, a soil 
conditioner. 


CONSERVATION 
Careful preservation, protection and management of a natural resource 
to prevent exploitation, destruct.on or neglect. In every conservation 
cutting back on services or improving efficiency in order to save energy. 


CONVERS ION 
The change from one form or use to another. 


COOLING TOWERS 
Devices that cool water directly by evaporation. 


COST/BENEFIT WORKSHEET 
A form used to collect and compare all costs and benefits, or savings 
associated with the installation, operation, and maintenance of an energy 
saving measure. This information presented on the worksheet deals only 
with the direct financial implications of a particular measure. 


DECIDUOUS TREES 
Trees which shed their leaves at the end of the growing season. 


DEH UMI DI FICATION 
The removal of moisture from the air. 


DEMAND FAN 
A fan whose operation is controlled by changes in temperature. 


DESICCANT 
A substance that can absorb moisture. 
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DIAS TROPHISM 
The process of deformation that produces in the earth's crust its conti- 
© nents and ocean basins, plateaus and mountains, folds or strati, and 
faults. 


DRIP IRRIGATION 
A irrigation system consisting of a hose or plastic tubing and emitters. 
The emitters apply the water in a slow, dripping manner, and the water 
is drawn into the soil by capillary action. 


DUAL DUCT SYSTEMS 
Space conditioning systems having two ducts - one trunk to supply warm air 
and the other to supply cool air to mixing boxes. Air is then delivered 
through one duct to the conditioned space. Warm and cool air are propor- 
tioned in the mixing boxes to provide supplies of air to the room at ten- 
peratures which meet the thermal demand in that room. 


DUAL FLUSH TOILETS 
Toilets which have a device that makes it possible to select the correct 
flush for either solid or liquid wastes. 





EARTH BERMS 
Raised strips of ground used as a narrow shelf, path or ledge. 


ECONOMIZER CYCLE 
A method of operating a ventilation system to reduce refrigeration load. 
In cooling a building, whenever outdoor air conditions are more favorable 
(lower heat content) than indoor return air conditions, the quantity of 
© outdoor air is increased. 


ECOSYS TEM 
A complex ecological community and environment forming a functional whole 
in nature, which processes energy, maintains structures, sustains cycles, 
and operates according to energy laws. All ecosystems have some common 
sharacteristics which follow energy principles; i.e., all have groups 
that are energy producers and groups that are energy consumers. 


EFELUENT 
A liquid, solid or gaseous product, frequently waste, discharged or 
emerging from a process. 


END USE 
In a sequence of energy conversions, the last use of energy to perform 
a desired function. 


ENERGY 
Power. The capacity to do work. 


ENERGY ACCOUNTING 
A method used to show the consumption of nonrenewable fuels and power 
in energy-using systems. 


ENERGY CONSERVATION MANAGEMENT PLAN 
A plan setting forth effective ways of using less energy to perform 
necessary tasks. The energy conservetion management plan also identifies 
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measures for conserving energy, and schedules for implementing these 
measures. 


ENTHALPY 
The total heat content of air; the sum of the enthalpies of dry air and 
water vapor, per unit of dry air. 


EVAPORATIVE COOLING 
The cooling of air by the evaporation of moisture into that air. 


EVAPORATOR 
A heat exchanger which adds latent heat to a liquid, changing it to a 
gaseous state. In a refrigeration system, it is the component which 
absorbs heat. 


EVAPOTRANS PI RATLON 
The combined effect of evaporation of moisture into the air and transpira- 
tion, the method by which plants remove moisture from the soil and release 
it into the atmosphere. 


FAN COIL SYSTEM 
A heating and/or cooling device that blows air through a coil. 


FEASIBILITY STUDY 
A study which determines the likelinood of work being successfuliy completed 


to achieve a desired goal. 


FILTRATION 
A metho’ for removing suspended solid particles from liquids by passing the 
liquid through filter materials or screens whose gaps or holes are smaller 
than the size of the smallest expected particle to be filtered. 


FIN WALL 
The extension of at existing wall to diflect winds. 

FIN TUBE 
A tube with metal sheets attached as fins, to increase the hat transfer 
area. 


FIRE PLACE DAMPERS 
Valves or plates (as in the flue of a furnace) for regulating the draf*; 
a device used to vary the volume of air passing through an air outlet, 
inlet, or duct. 


FLOCCULATION 
Causing susperded matter in fluids to come together into large masses. 


FLUE 
An enclosed passageway for directing a current of air. The flue in a 
chimney conveys flame and smoke to the outer air. In a steam boiler, 
the flue is a pipe for conveying flame and hot gases around or through 
water in the boiler. 


FLUE GAS ANALYZER 
A device for analyzing fuel/air rations in flue gases. 
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FLUORESCENT LAMP 
An electric discharge lamp in which light is produced by the passage of an 
electric current through a metallic vapor or gas enclosed in a tube or bulb. 


FLY ASH 
Fine solid particles or noncombustible ash carried out of a bed of solid 


fuel by the draft. 


GLAZING 
Glass or plastic set in frames to make windows. 


GRADIENTS 
The rates at which roads rise or fall vertically; the slopes of roads. 


GREYWATER 
All the waste water produced in a household other than toilet wastes. 


HEAT EXCHANGER 
A device which transfers heat from one substance to ancther substance 
while keeping the substances separate and unmixed. 


HEAT RECLAMATION 
A method for capturing energy in the form of heat which would otherwise 


be injected into the atmosphere. 


HOT CONDENSATE HEAT EXCHANGER 
A heat exchanger where flash steam returned from a steam system is reduced 
to hot condensate at atmospheric pressure. 


HOT DRAIN EXCHANGER 
A heat exchanger installed in the drains of buildings and/or systems that 
use large quantities of hot water. Heat from the exchanger can be used 
tc preheat the domestic hot water. 


HOT GAS EXCHANGER 
A heat exchanger installed in the hot gas line between the compressor 


and chiller of a large refrigeration system. 


HVAC SYSTEMS 
Heating, ventilation, and air conditioning systems. 


HY DROLOGY 
The science that deals with the properties, distribution, and circulation 
of water on the surface of the land, in the soil or underlying rocks, 
and in the atmosphere. 


HULL DRAG 
The friction of water on the outer surface (hull) of a ship which slows 


or retards its movement through the water. 


HYDROLYSIS 
A chemical process of decomposition involving splitting of a chemical 
bond and addition of the elements of water, hydrogen and oxygen. 


HYDRONIC DISTRIBUTION SYSTEM 
A system of providing heat to a building through the use of a hot water 
loop. 
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IMPELLER 
The rotating menber of a centrifugal pump, which receives inflowing vater 
at its center and accelerates it to the periphery, where it is discharged 
to a pumping systen. 


INCANDES CENT 
Gloving or white with heat. An incandescent light bulb produces light from 
a tungsten wire heated white hot. 


INDUCTION SYSTEM 
Heating material by means of an electric (induction heating) current made 
to flow through the material or its container by electromagnetic induction. 


INFILTRATION 
The leakage of outdoor air into a building through cracks around doors, 


windows and other openings. 


INTEGRATION 
One method to cut consumption of energy use is that of integrating various 


specialized components (e.g., cogeneration systems using waste heat to oro- 
duce steam to turn electric generators). 


INTERRE FLECTANCIES 
The reflections of light given off by the color of the painted room. 


INVERTERS 
Devices for converting direct current (dc) into alternating current (ac) 
by mechanical or electronic means. 


LEAK SIGNALLING BALLCOCK 
A water control valve for toilets that is either on or off. A leaking 
toilet will cause the valve to turn the water on full when the leak has 
caused the water to drop to a preset level in the tank. The water going 
on and off periodically will signal that there is a leak. 


LIFE CYCLE COSTING 
The process of accounting for capital and operational costs of a building, 
an energy conservation measure or other product, over its useful life. 


MACADAM 
Pavement of broken stone with a bituminous binder. 


MARI CULTURE 
Cultivation of marine (salt water) species of plants and animals for 


human use. 


METAMORPHIC ROCK FORMATION 
A pronounced change in rock affected by pressure, heat, and water that 
results in a more compact and more highly crystaiiine condition. 


ME THANE 
A colorless, odorless, flammable, gaseous hydrocarbon that is a product 


of the decomposition of organic matter in marshes and mines or of the 
carbonization of coal and is used as a fuel and as a raw material in 
chemical synthesis. Methane is the major component of natural gas. 
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S- = 
Wood alcohol, a combustible fuel. 


MICRO-CLIMATE 
The consistent local climate of an area, usuallw a small site or habitat. 


MODULAR 
Composed of modules, or interrelated parts. 


MODULAR BOILER 
A boiler system made up of several modules in order to increase seasonal 
efficiency. Fle-<:uarions of load may be met by firing more or fewer 
boiler modules. 


MON I TORING 
Establishing a fuel and maintenance cost accounting system by maintaining 
complete and accurate records of monthly and annual energy consumption. 
In transportation, for example, monitoring would call for records of 
mileage, fuel consumption, and dirwsct maintenance labor hours and cost 
of replacement parts for each vehicle. 


A protective covering such as leaves, manure, or hay, placed around plants 
to prevent evaporation of roisture and freezing of roots. 


MULTI-ZONE SYSTEM 
An HVAC control air-handling unit that provides hot and cold air and 
facilities fur mixing these at the unit to give different supply 
temperatures .° a number of zones. 





NON-RENEWABLE ENERGY SOURCE 
An energy source that is virtually impossible to recreate within the 
foreseeable future, such as fossil fuels (sil, co&l, natural gas) and 
uraniun. 


OFF-LINE BOILLER 
A boiler that is idling or standing by to supply heat when needed. It is 
isolated by closing valves or dampers. 


OLL-FLUSH TOLLETS 
A closed-loop toilet system that uses a white, low-viscosity mineral oil 
| as the flushing fluid. Wastes are carried to a gravity separation tank 
where the oil floats to the top and the water saturated wastes sink to 
| the bottom. The oil is drawn off the top through filters containing 
chlorine crystals and activated charcoal, and re-circulated to the 
commodes. 


ORGANIC WASTE 
Waste derived fror Living organicems. 


OVERDRIVE 
An automotive transmission gear that transmits to the drive shaft a speed 


greater than the engine speed. 











PARAPET 
A low wall, railing, or elevation of earth or stone to protect the edge 


of a platform, roof, or vridge. © 


PARAS ITF 
An organism that depends on a source outside itself for existence or 
support without making a useful or adequate return. 


PARASITIC DISTRIBUTION LOSSES 
Heating or cooling losses from the distribution network of a heating or 
cooling system. 


PARASITIC LOAD 
The energy required to deliver energy from the primary energy conversion 
equipment to the building load. 


PASSIVE COMPONENTS OF HEATING/COOLING SYSTEMS 
Components of the systems which do not actively heat, cool, or move air 
or other heat transfer media through the system, e.g., ducts, pipes, 
filters, and louvers. 


PASSIVE SOLAR 
Treatments of a building structure which help the structure become a 
trap for light and heat from the sun. These treatments are often the 
least expensive methods for utilizing the sun's energy. 


PATHOGENIC CHEMICALS 
Chemicals that are capable of causing disease or harm. @ 


PIPE CHILLER 
A refrigeration machine using heat as the power input to generate 
chilled water. 


PIT PRIVY 
A large hole in the ground, covered with a slab or squat plate in which 
excreta and other organic matter are added and topped with earth; a 
type of compost privy. 


PHOTOSYNTHESIS 
The synthesis or building of glucose from carbon dioxide and water by 
specialized structures and substances in the cells of green plants. 


PHOTOVOLTAIC CELL 
A semiconductor device that converts solar energy into electricity. 


PLAIN SEDIMENTATION 
Where waste water with suspended solids is allowed to set long enough 
for most of the solids to settle out before the remaining fluid is 
syphoned off. 


PLATE TECTONICS 
Tectonics relating to the deformation of the earth's crust. The forces 
involved in or producing such deformation and the resulting forms. 





POTABLE 
Fit or suitable for drinking. 
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PRESSURIZED TOILET TANKS 
A toilet tank which uses air pressure to assist water in flushing the 
bowl. ihe air in the tank that is replaced by the entering water is 
compressed rather than being allowed to escape. When the flush button 
is pushed, the compressed air forces the water down into the bowl, pro- 
viding higher pressures for the flush. 


PRIMARY ENERCY CONVERSION EQUIPMENT 
Equipment which converts fuels and electricity to provide conditioned air, 
light, hot water, and other work products. This equipment includes gas 
and oil burners/furnaces, refrigerators, chillers and compressors, and 
electric lighting systems. 


PRIMARY TREATMENT 
The first stage in sewage treatment that consists of a series of 
physical operations whereby large, floating solids are removed by screen- 
ing and heavy solids are removed by settling. 


PYROLYSIS 
A ‘emical change brought about by the action of heat. 


RACEWAYS 
Canals for currents of water. 


RECOVER WASTE HEAT 
Heat recovery from the combustion of solid wastes in a refuse incinerator 
or from processed steam plants. 


RECYCLE 
To pass through or undergo again, as for further treatment, change, 
use, etc. 


REFLECTED RADIATION 
Solar radiation in the form of heat and light that is reflected from 
adjacent surfaces of a building or buildings, trees and shrubs, or the 
ground. 


RENLA4ABLE ENERGY SOURCES 
Energy sources that are unlikely to be exhausted in the near [uture, 
such as solar radiation, photosynthesis, and its products and by-products, 
wind, waves, tides, falling water, and geothermal heat. 


RETROFIT 
The modification of an existing buiiding or other system to affect 
favorable consumption characteristics, the retroactive modification of 
an existing building or machine. 


ROLLING STOCK WHEEL BEARINGS 
Bearings between the wheel and axle of automobiles, trucks, trains, or 
any form of vehicle that runs on wheels. 


ROOF POND for heating and cooling effects 
Containers of water placed on the roof of a building to store solar 
heat. The roof pond may be contained in galvanized sheet pans supported 
on timbers that run the length of the house. 


31 








ROOF SPRAY 


A system that reduces heat gain through a roof by cooling the outside 
surface with a water spray. 


SAND FILTRATION 


Waste fluids are run through large beds of sand to filter out 
suspended solids. 


SECONDARY TREATMENT 


Basically an aerobic process in which naturally occurring bacteria break 
down most of the degradable material left from primary treatment. 


SEDIMENTARY ROCK FORMATION 


A geological formation created by fragments of rock transported from 
another source and deposited in water. Sandstones and shales formed by 
precipitation from solutions and formed from secretions or organisms 
are sedimentary rocks. 


SELF-CLOSING JUCET 


A single zone duct system uses the same set of ducts to distribute hot 
atc from the furnace in the winter and cold air from the air conditioner 
in the summer. 


SILVICULTURE 


The cultivation of trees and forests for useful purposes. 


SITE RETROFITTING 


SLUDGE 


SLURRY 


SOLAR 


SOLAR 


SOLAR 


SPACE 


STEAM 


In landscape planning for energy conservation, altering the landscape ©} 
of an existing site to create a more temperate environment by utilizing 

natural energy resources and landscape elements to reduce the demand on 

the heating or cooling system of buildings located on the site. 


Precipitated solid matter resulting from water sewage treatment processes. 
The solid portion of sewage. 


A thin, watery mixture of a fine, insoluble material. 


COLLECTOR 
Devices, often in the form of panels, which collect and store solar 
heat /energy. 


HEAT GAIN 
The increase in the amount of available heat due to exposure to the sun. 


RADIATION 
Energy from the sun. It may be direct, diffuse, or reflected. 


LOAD 
The quantity (heating, cooling, electricity) required by a space. 


ATOMIZER BURNER 
A burner in which a small quintity of steam is mixed with atomized 
(separated into very small corplets) fuel prior to cumbustion. 
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STRATIFIED CHARGE 
An automobile engine with a dual combustion chamber and two intake valves 
in each cylinder. A rich mixture of fuel and air is fed into the upper 
smaller chamber where it is ignited by a spark from the spark plug. The 
burning rich mixture then ignites the lean mixture in the lower, larger 
chamber to produce a more complete combustion. 


SYSTEM 
A set of interrelated elements. Anything can be understood as a system 
if it can be seen as a complex of interdependent parts. In energy 
technology, a set of mechanical subsystems affecting the efficiency of 
energy consumption. 


SYSTEMS APPROACH 
A method for addressing problems that calls for an analysis of systems 
by considering both the whole systems and the parts which make up that 
system. 


TANDEM RIGS 
In transportation, a vehicle having close-coupled pairs of axles. 


TERMINAL REHEAT SYSTEM 
Terminal reheat systems were developed to overcome the zoning deficiencies 
of single duct systems and are designed to give closer control of relative 
humidity in selected spaces. The system allows each different zone to be 
individually controlled. 


TERTIARY TREATMENT 
A third treatment step whereby chemical and physical processes reduce 
contaminants, such as phosphates, nitrates, and other dissolved materials. 


THERMAL BARRIERS 
Barriers which control the flow of heat and cold. Drapes and shutters can 
both serve as thermal barriers. 


THERMAL SYSTEMS 
Systems that demand or produce heat. 


THERMAL TRANSMISSION HEAT LOSS 
The transmission of heat through the walls, windows, and doors of a building. 


TOILET DAMS 
Blockages (dams) placed in the tank to limit the amount of water used per 
flush. 

UNITARY HEAT PUMPS . 


Single unit refrigeration systems possessing the capability of reversing 
flow so that the output can be either heating or cooling. 


U-VALVE 
The heat flow rate (air-to-air) through a given construction assembly, 
such as a wall or window, expressed in Btu per hour per square foot 
times the difference in indoor and outdoor temperatures. 


VARIABLE FLUSH 
A conventional toilet with an attachment that allows the flush cycle to 
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be operated for any portion of a full flush by simply holding down 
the trip lever for the correct period of time. 


VARIABLE VOLUME AIR SYSTEMS 
An all-air system that matches the cooling load with a variable volume 
of air cooled to the same temperature. Refrigeration and fan energy 
closely parallel to the system's actual cooling load. 


VENTILATION 
The process of supplying and/or removing air by natural or mechanical 
means to or from any space. The air may or may not be conditioned. 


VESTIBULE 
A passage, hall, or room between the outer door and the interior of a 
building. 


VOLTMETER 
An instrument for measuring in volts the differences of potential 
between different points of an electrical circuit. 


WASTE MANAGEMENT 
Those activities involved in collecting, transporting, processing, and 
disposing of waste materials and finding productive uses of "waste" 
through recycling, composting, or on-site energy generation. 


WATER VOLUME REDUCERS 
In toilets, devices that can help reduce the amount of water used each 
time you flush. These include low flush toilets, pressurized toilet 
tanks, dual and variable flush devices. 


WIDGET 
Imaginary engine part. 
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Aerating Heads, WC-4 
Aerobic Systems, WM-9-10; WC-4 
Air Change, B-5 
Air Conditioners, B-49, 79, 88; WC-22 
Air Curtain, B-32 
Air Flow, B-49, 53, 79 
Airplane, T-3, 20 
Anaerobic Systems, WM-9, 10; WC-47, 48 
Aquaculture, WC-29 
Automobiles, T-3, 8 

© Baffles, B-4l 
Baths, WC-18 
Bicycles, T-4, 8, 23 
Biogas, WC-30 
Biological Systems, WM-8 
Biomass, uSG-6, 16 
Blackwater, WC-8 
Blowdown, B-82, 83 
Boats, T-3-4, 20 
Boiters, B-80, 84 
Bus, T-3, 8 
Cafeteria, Water Use, WC-4 


CANWEL System, WM-10 
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Carpools, T-17 
Ceiling, B-36 
Chillers, 8-78-79 
Climate, EAP-19 
Cogeneration, OSC-7 
Compost, WM-9 
Condenser 
Air cooled, 8-77 
Evaporative, B-77 
Water-cooled, 8-78 
Cooling Systems, WC-6 
Cooling Tower, 8-78 
Dampers, B-39, 40, 54, 55, 80 
Degree Days, #-23-24, 27 
Diesel, T-5 
Dishwasher, WC-5 
Doors, B-59-61 
Driver Training, T-6, 8 
Efficiency, I-2, T-l, 8 
Electric Power, B-9 
Elevators, B-58 
End Use Management, OSC-3 


Energy Accounting, I-4 


Energy Utilization Index (EVI), B-13-17, 23, 25 


Escalators, 8-58 

Ethanol, WM-10, 11 
Evapotranspiration, WC-30 
Fans, B-40, 50, 57, 77, 75, 89 


Clutched, T-16 
Demand, T-16 
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Faucets, WC-4, 36, 37, 38 
Fertilizers, WM-18; WC-49 
Fireplace, B-33 

Fish Hatchery, 7-5-6, 40, 41 
Floor, B-36 

Flow Restrictors, WC-4 
Furnace, Central, B-84 
Garage, B-36 

Gasoline, T-l 

Gravity Flow, WC-6 
Greenhouse, WC-30 
Greywater, WC-5, 8 


Heating Equipment, 8-48, 49, 57, 83-85; 
Water, WC-23 


Heat, Waste, WM-8 
Heat Exchanger, WM-8 


Heat Recovery, B-41, 47, 53, 49; 
WMéM-18; WC-24 


HVAC (Heating, Ventilation, and Air Conditioning), 8-7-8 
Equipment, B-7 
Maintenance, B-7-8 
Operation, B-8 
Ratings, B-7 
Humidity, B-48, 49, 86 
Hydroelectric Technology, WC-7 
Hydrological Features, EAP-9 
Hydrolysis 
Acid, WM-10, 11 
Enzymatic, WM-10, 11 


Hydronic Distribution Systems, B-50-52 
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Impeller, B-51l 
Infiltration, B-3-4, 31 © 
Insulation, B-4, 36-37, 50, 53, 90; WC-23 


Irrigation, WC-5, 8, 20-21, 22, 25, 26 
Drip, WC-5, 20 


Kitchen, 6-40 
Lagoon, WC-29 
Landscaping, WC-19-21 
Laundry, WC-4, 18 
Lighting, B-5, 42-45 
Fluorescent, B-43, 44 
Incandescent, B-43 
Outdoor, B-45; T-24 
Load Factors, T-6 
Mass Transit, T-19 
Methane, WM-9 
Methanol, WM-9 © 
Mopeds, T-4 
Mot--rcycles, T-4 
Motors, B-85 
Mulch, WC-19 
On-Site Energy Generation, OSC-1-8 
Passive Solar Energy, OSCG-6 


Payback, I-6 





Pedestrian, T-4-5 

Photocell, B-44 

Photovoltaics, OSG-7, 19, 21 

Piping, B-50, 51, 52, 90, 91-92; WC-23 


Pneumatic Air Compressor, B-50, 90 @ 
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Pools, Swimming, WC-21 





Prairie, EAP-2-3 
Pressure, B-50 
Pumps, B-50, 52, 63, 89, 91; WC-2, 6, 14, 27, 28 
Pyrolysis, WM-6 
Pyrolitic Converters, WéM-9 
Raceways, EAP-11 
Radiators, B-70 
Railroad, T-4-5 
Recreational Vehicles, T-3 
Recycling, WM-5, 6, 7, 17, 39, 44, 45 
Asphalt, WM-17 
Glass, WM-17 
Oil, T-15; WM-17 
Paper, WM-17 
Refrigeration Equipment, B-49, 57, 76-79; WC-19 
© Renewable Resources, On-Site Generation, OSG-9-20 
Retrofit, T-6 
Roads, T-20 
Construction, T-5 
Maintenance, T-5 
Roof, B-37, 38; WC-22 
Roof Pond, 8-38 
Septic Systems, WC-27, 28, 30 
Sewage Treatment, WC-28 
Sewers, WC-26 
Showers, WC-4, 18 
Aerating Heads, WC-4 
Flow Restrictors, WC-4 
Low Flow Heads, WC-4 


Sludge, WM-9, 11; WC-8 
rd] Snowmobile, T-4 
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Soil Moisture, wC-5 © 


Solar Radiation, WC-29 
Solar Thermal, OSG-6, 19, 21 
Stack Effect, B-3 
Steam Distribution, B-50, 91-92 
Storage, OSC-8 
Systems, Energy, I-3, 4, 5; B-l, WM 1 
Managed, EAP-1 
Natural, EZAP-1 
Tertiary Treatment, WC-9 
Thermal Systems, WM-8 
Thermostats, B-55, 56 
Toilets, B-5, 40; WM-18; WC-17-18, 25, 26, 27 
Compost, WC-3, 18 
Dams, WC-17 
Flush, WC-2-3 
Leaks, WC-3 


Pressurized, WC-3 
Shallow Trap, WC-3, 18 





Topography, EAP-9 
Tractors, T-5 
Transformer, B-57 
Transmission, B-4, 35-37 
Trash Compactors, WM-16 
Trash Containers, WM-15, 17 
Trees, B-34-35, 39; EAP-9 
Deciduous, B-34, 39 
Evergreen, B-34, 39 
Trucks, T-5 
Turbines, 8-88 


Urinals, WC-18 
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Vehicles 
Inventory, T-5-6, 8 
Maintenance, T-14-15 
Operation, T-15-16; WM-16 
Replacement, T-18 
Retrofit, T-7, 17-18 





Ventilation, B-5, 39-41 
Vestibules, B-32 
Walls, B-36, 37, 3 


Waste, WM-5 
Collection, WM-2 
Disposal, WM-2 
Liquid, WM-3 
Processing, WM-6 
Solid, WéM-3 
Water, WC-8-9 


Water, B-46, 47, 51, 56, 76, 78, 79, 71, EAP-10-11, WC-28-29, 37-50 
Cycle, EAP-10 
Disposal, WC-9, 21 
Hot, WC-5-7, 14, 19, 22, 23, 25; B-46-47-51-90 
Flow Rate, B-51, 79 
Power, OSG-17, 19, 21 
Pressure, WC-51 
Purification, WC-7 
Source, WC-7 
Treatment, WC-8-9, 22 
Volume, WC-15 
Waste, WC-28 


Water Heaters, B-7 
Weatherstripping, B-31 

Wind, B-23, 33-35; OSG-17, 19, 21 
Windbreaks, B-34 

Windows, B-4, 31, 35-36, 3% 


Wood Chips, WM-18 
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This section on energy conservation in Build- 
ings is part of a two volume Planning Cuide 
designed to help vow formulate an overall site- 


specific Energy Conservation Management Plan. It 

provides vou with technical information about 

energy use in buildings as well as instructions for © 
choosing and developing appropriate measures for 

making vour buildings more energy efficient. 
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BUILDINGS AS AN ELEMENT 
OF THE SITE SYSTEM 


Energy use in buildings repre- 
sents the largest percentage of energy 
consumption at most FWS sites. A wide 
range of energy-using activities 
occurs in buildings: conducting rou- 
tine business in offices at the site; 
storing materials in warehouses; and 
maintaining government employee resi- 
dences. A site may also have research 
and development facilities used for 
special projects. 

To help you learn about energy 
use in the buildings at your site, 
this section provides an overview of 
buildings as energy-using systems, and 
a quick look at places where energy 
waste is likely to occur. At the end 
of the section you'll find a short 
discussion on how to use the addi- 
tional reference material provided to 
help you complete the planning 


process. 
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Figure 1 Flew Diagram 





BUILDINGS AS ENERGY- 
USING SYSTEMS 


Building systems and components 
process energy inputs to provide 
desired functions. As with other 
systems, there is some waste each time 
a desired function is provided. 
Energy waste in buildings is inevit- 
able, as it is in other systems, since 
perfectly efficient energy conversion 
is impossible. Figure 1 shows a resi- 
dence that uses oil as the principal 
energy source, for one desired 
function of a building's energy-using 
systems - space heating. If it's 
typical, the oil furnace in this 
residence converts about 60-80% of the 
energy in that oil into heat for 
warming the rooms of the house. The 
remainder will be lost. 

Other desired functions in build- 
ings that require energy inputs 
include space cooling, mechanical ven- 
tilation, lighting, supplying domestic 
hot and cold water and running various 
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appliances and pieces of equipment. 
Figure 2 shows the components of 
energy demand for all residential and 
commercial buildings in the U.S. in 
1970. 

Energy resources used by build- 
ings to provide these desired func- 
tions include electricity, natural 
g4S, propane, No. 2 and No. 6 fuel 
oil, coal, wood, solid waste, solar, 
wind, hydropower, and heat from 
people. Some of these are supplied 
commercially and paid for as part of 
the site energy budget. But the 
“free” energy provided directly from 
sun and wind is also important, as is 
the heat generated by people within 
the building. 

All of the building's components 
or subsystems affect the way it 


























consumes these various energy inputs. 
Improving the efficiency of the conm- 
ponents or the way they are used can 
offer major energy savings. In fact, 
these are the two big ways to con- 
serve: changing the building and its 
components or changing the way the 
building is used. 

Areas of the building where 
opportunities to conserve may be found 


hot and cold water 
heating and cooling systems 
electric power. 





are: 
e use of interior space 
e infiltration 
@ transmission 
@ ventilation 
@ lighting 
° 
e 
e 
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Figure 2 Components of Demand (1970) 


(Source: Federal Energy Administration) 
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The following discussion will 
introduce you to the kinds of problems 
that face you in each of these areas. 
It is intended to provide a first look 
at the ways your buildings may be 
wasting energy, to help you as you 
begin to look for potential savings. 
The conservation measures in this 
section are divided according to the 
problem areas just listed that exist 
in most buildings. 

As you become more fully 
acquainted with energy waste in build- 
ings, and the potential for savings, 
you will require more detailed and 
technical knowledge of methods and 
techniques for realizing savings, and 
for analyzing the energy and cost 
impacts of implementing conservation 
measures. In some cases, you will 
require the assistance of a qualified 
and experienced professional. At the 
end of this preliminary section on 
buildings, we give you a brief intro- 
duction to the technical reference 
material on energy conservation in 
buildings, and describe how you can 
best use it to answer questions that 
will come up during the planning 
process. We also suggest some ways to 
know when the reference material will 
not be enough to solve your problem, 
requiring you to call for professional 
assistance. 


PROBLEM AREAS- 
OPPORTUNITIES FCR 
ENERGY CONSERVATION 





The measures selected for pre- 
sentation here deal with methods for 
saving energy during the second stage 
of a building's life cycle: its 
operation during useful life. How- 
ever, the opportunities for energy 
conservation at the beginning of the 
life cycle, during the design and 
construction phase, are considerable, 
and can substantially reduce the need 
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to save energy after construction has 
been completed. Studies, reference 
works and additional articles included 
in the reference materials will be of 
use to anyone who may be having a 
building designed or constructed. 

But because energy use in exist- 
ing buildings represents a major com- 
ponent of energy use at most sites, 
the planning process for buildings is 
built around measures for saving 
energy in existing structures. 


Use of interior Space 


The way that occupants use inte- 
rior building space can have a pro- 
nounced effect on energy consumption. 
During your examination of the build- 
ing, note the work schedules and 
shifts of the people working there and 
look for space that is not used. 
Check on the closeness of work spaces 
to uninsulated walls and floors. Note 
the location of heat producing equip- 
ment, such as copying machines, and 
group them together, away from people 
in the work area. Make sure that air 
supply and return grilles and regis- 
ters are located where they can oper- 
ate with maximum efficiency. Close 
down unused portions of buildings 
whenever possible. 


Outside air infiltrates a build- 
ing through openings, such as windows, 
doore end cracks. Since outdoor air 
must be heated or cooled (and some- 
times humidified and/or dehumidified) 
to meet desired indoor conditions, 
infiltration imposes a significant 
load on the heating and cooling sys- 
tem. This increases energy use. 
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Complaints of drafts from building 
occupants is a good sign that too much 
outside air is infiltrating into the 
building. 

Check for cracked, broken or 
missing window panes. Examine doors 
and windows for weather-stripping and 
caulking, and to see whether they are 
properly aligned, since infiltration 
can occur between the door or window 
and its frame. As a test, a lighted 
match held near window and door frames 
should not flicker on a windy day. In 
some places, it may be useful to pro- 
vide automatic door closers, and to 
instruct those who use the building 
frequently about proper operation of 
doors and windows. 

Gaps, cracks. and small openings 
in the building's exterior surface may 
also cause infiltration losses. Check 
outside joints, such as those between 
wall and foundation, or between wall 
panels. Openings cut for piping, 
electrical conduits, and air- 
conditioning systems should be 
examined. 


Transmission 


Energy losses may be caused by 
transmission of heat through the 
building structure. The amount of 
heat lost this way and the rate at 
which it is lost depend upon several 
factors, including: 


e the difference between indoor 
and outdoor temperatures; 


@ mass, color and insulating 
values of the exterior walls, 
roof, windows and floors; 


@ wind and sun striking the 
building exterior. 
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Note that the same factors that cause 
heat loss may allow for solar heat 
gain. While adding to cooling require- 
ments, solar gain can help to reduce 
heating loads. 

Several points to look for in 
examining a building for transmission 
losses are noted below, in the areas 
of insulation, glazing, etc. 

In examining the building, check 
to see: 


@ whether roof or ceiling insu- 
lation has been added, and 
whether it is undamaged and 
correctly installed; 


@ whether floors adjoining 
unheated spaces have been 
insulated; 


@ whether insulation has been 
installed in exterior walls. 
If not, note whether this 
would involve major structural 
changes. Yd] 


Althcugh windows transmit heat easily, 
this type of heat loss can often be 
controlled at less expense than con- 
trolling transmission through walls or 
ceilings. Look for window shading 
devices, such as drapes, blinds, or 
other material which could be used to 
control heat flows. Does the window 
receive substantial direct sunlight or 
reflected sunlight? Do all the win- 
dows have storm windows? Do any of 
the windows have double or triple 
glazing, or reflective or absorptive 
coatings on the exterior? 

Where conditions of climate and 
temperature are extreme ani _ransmis- 
sion represents a major portion of a 
building's heating and/or cooling 
load, it may be feasible to undertake 
special modification projects to 
reduce transmission or benefit from 
the extreme conditions. Windbreaks, 


solar shading devices, roof spray 
systems, and special screens or rd] 
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overhares may be used to improve 
energy efficiency, if they prove 
to be cost-effective. 


Ventilation 


The air inside of buildings is 
changed through ventilation. Because 
each cubic foot of air drawn into the 
building must be heated or cooled, 
altering the rate of air change or 
ventilation can have a significant 
impact on energy use. Some building 
codes demand more ventilation than is 
necessary to provide for the safety 
and comfort of building occupants. 
Many buildings even exceed code 
requirements, making matters still 
worse. There have been many changes 
over the past several years to reduce 
ventilation rates. Equipment can be 
adjusted rather easily so that fewer 
cubic feet per minute (CFM) are cir- 
culated through a building or certain 
rooms in a building. Before making 
any adjustments, check with your code 
office to determine if any code 
changes have been made recently or are 
in the works. 

In your examination of the build- 
ing, note the operating schedules for 
ventilation equipment. Check to see 
whether the system has outside air 
dampers, and whether they are in good 
condition. Does the ventilation sys- 
tem have a control system that will 
turn the equipment completely off if 
the building is not occupied? Another 
area where ventilation is important, 
but sometimes overused, is in toilet 
facilities. Examine volume settings 
for toilet exhausts. Check to see 
whether the exhaust system could be 
connected to the lights. 

Special conditions may call for 
modifications to increase the effi- 
ciency of ventilation systems. For 
instance, in areas with strong winds, 
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it may be feasible to install baffles 
that will prevent wind from affecting 
outdoor air intakes. In large build- 
ings, where more than 10,000 CFM is 
involved, heat recovery devices and 
equipment for using outside air for 
internal cooling (such as economizers 
and enthalpy controls) may be 
warranted. 


Lighting 


In buildings where the lighting 
system was not designed with energy 
considerations in mind, savings may be 
available in several areas. To modify 
the amount of energy used in Lighting, 
you will need to know how and when the 
building is used, and what kind and 
levels of lighting the occupants are 
accustomed to. You will also need to 
know the types of fixtures and lamps 
now in use, and whether there is a 
maintenance program for them in place. 

As you examine the building, 
check the following items. Note 
spaces or areas near windows and other 
sources of natural lighting that are 
not now being used. Check to see 
whether lamps and lighting fixtures 
are free of dust. Are the lighting 
levels in halls and corridors as high 
as lighting in rooms where tasks are 
performed? Can lighting in these 
rooms be task-related under separate 
controls, so that energy will not be 
used to light areas where no work is 
being performed? Will the luminaires 
and fixtures accept newer types of 
high-efficiency Lighting equipment? 

Installation and controls for 
lighting systems are also important. 
Since space usage in a building 
usually changes several times over the 
life of the structure, it is useful to 
allow some flexibility when making 
modifications to existing systems or 
installing new ones. Check to see if 
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plans for your building call for 
changes in space usage. Note whether 
lighting for the hole building, or 
large areas of the building, is on a 
Single switch or control and wWie.*er 
it is possible to control iudéividuai'y 
the level of illumination. Lighting 
can be controlled automatically, with 
devices such as timers and photocell 
systems, and you should note possible 
applications for such devices. 

Usage patterns are especially 
important to consider when changing 
the lighting system. Know as much as 
possible about safety and security 
needs in the building. Are there 
long periods when the building is 
unoccupied, but remains lighted? Are 
there periods on weekends or in the 
evenings when the entire building is 
lighted for maintenance or for limited 
staff activities? These can have an 
effect on the energy load. 


Hot and Cold Water 


The percentage of a building's 
overall energy use that can be attrib- 
uted to heating domestic hot water is 
between 2 and 4% in normal situations. 
This percentage may be considerably 
greater in hatcheries and other places 
where there may be a heavy demand for 
hot water. Because reducing the 
amount of water use can result in 
significant energy savings, a separate 
section of the Planning Guide is 
devoted to water conservation. 
tant savings are also available 
through reducing the portion of the 
total building load for hot water 
heating and reducing losses in the 
heating and distribution system. 

As you examine your buildings for 
savings opportunities, check to see 
whether tap water is too hot for 
direct use and must be mixed with 
large quantities of cold water. Of 
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course, mixing is normal, but in some 
Situations, water supplied to the tap 
is too hot when water heater thermo- 
stats are set too high. Estimate 
overail demand for hot water according 
to season, since drawing water from 
boilers in the summer may result in 
poor operating efficiencies. Are 
there places that use hot water inten- 
sively, where a local heat booster 
could be installed to permit the cen- 
tral system to operate at lover 
temperatures? 

Examine water heaters and the 
distribution system for leaks and 
places where the heater itself, stor- 
age tanks, or distribution pipes may 
not be insulated. Check for places 
where insulation ould *- -‘*fectively 
increased. The pumps are another 
potential source of energy waste, and 
should be checked as part of your 
inspection of the energy use of the 
electrical equipment in your building. 

Heating of domestic hot water is 
a promising area for applications of 
renewable energy technologies, partic- 
ularly solar thermal systems. You may 
want to investigate such an applica- 
tion (see Volume II, On-Site Genera- 
tion, for a discussion of solar 
thermal technologies). At a minimum, 
check to see whether your system uses 
an electric hot water heater. In many 
instances, electric heaters can be 
replaced with systems fired by natural 
gas, coal ot oil, improving overall 
efficiency. 

















Heating and Cooling 


Heating and cooling usually 
account for the largest portion of 
energy use in a building. However, 
heating, ventilating and air- 
conditioning (HVAC) systems have often 
been designed and maintained without 
thorough consideration of fuel costs. 
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They can be oversized and inefficient 
and offer many opportunities for 
improvement. 

It will be helpful to you and to 
any specialists you consult if you 
know several things about your 
systems: 1) the type of equipment in 
the building; 2) the rating of each 
piece of equipment, in kilowatts (kW), 
Bru per hour, or total horsepower ; 

3) the schedule of operation in terms 
of hours per day, days per week, and 
weeks per year; and 4) other pertinent 
information that could help you pre- 
pare an operating profile of the 
system. 


Equipment 





Mechanical equipment can be 
broadly divided into eight categories: 


@ boilers or furnaces used for 
space heating 


@ compressors or chillers used 
for space cooling 


@ room air-conditioners or 
through-the-wall units 


@ ventilating systems 
@ heat pumps 

@ pumps 

e@ fans 

@ miscellaneous. 


Depending on the desired functions to 
be performed by the building, the 
equipment can be designed, redesigned, 
and operated in many ways. Within 
each of these categories there are 
different types of units. For 
instance, HVAC systems may be single 
zone, terminal reheat, variable 
volume, induction, dual duct, and/or 
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multizone (See Glossary). In your 
examination of the building, you 
should note the different pieces of 
equipment, and how they have been 
combined into a system. Drawings and 
plans for the facility will give more 
precise information which will be 
useful in considering conservation 
measures. 


Ratings 


Each piece of mechanical equip- 
ment is designed to operate at a 
specific capacity, usualiy measured in 
terms of power. For instance, fur- 
naces are rated according to Btu per 
hour; electric drive compressors are 
usually rated according to total motor 
hoursepower; and room air-conditioners 
are rated by Btu or kilowatts. HVAC 
systems, pumps and fans are often 
rated according to total connected 
horsepower. This is true for compo- 
nents of a system, too, such as the 
condenser pumps and cooling towers of 
a central air-conditioning system. 

These ratings are like the ones 
we use to rate automobil’ engines: a 
300 horsepower engine is substantially 
more powerful than a 50 horsepower 
engine. The same is true of a build- 
ing's mechanical system. In evaluat- 
ing building performance, it will help 
you greatly to find the ratings for 
each piece of equipment from your 
records, or from the information 
recorded on the nameplate or faceplate 
of the unit by the manufacturer. 
Frequently, equipment is much larger 
than necessary to perform its job. If 
you gather information on equipment 
ratings, engineers will be able to 
determine if it is properly sized. 


Operation 








The primary energy conversion 
equipment in your building is only 
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using energy when it's in operation, 
so it*s important to know the operat- 
ing schedule. Don't assume that it's 
the same as normal vorking hours: 
many people have been surprised to 
find that the mechanical systems are 
operating hours before people arrive 
in the morning and long after they 
leave at night. This can make a big 
difference in total energy consump- 
tion. As you match demand for a 
desired function with actual energy 
use, this may be one area where big 
savings are possible. 


Other Information 





Other kinds of information will 
also be important depending on the 
type of unit you are examining. To 
indicate performance characteristics, 
some types of equipment are rated by 
measures other than Btu/hr, kW or 
total connected horsepower. Just as 
a 300 horsepower engine might also 
be described as 2 404 cubic inch V-8, 
so an HVAC system is described 
according to the number of CFM per 
air handling unit and the static 
pressure of the system; and a boiler 
or furnace is measured by peak load 
combustion efficiency. Knowing these 
characteristics can help you to make 
an evaluation of the system's energy 
efficiency. 

When you have a profile of the 
energy-using characteristics of the 
building's mechanical system, there 
are several types of modifications to 
consider. First, operating practices 
in the building can be modified so 
that equipment can be operated to meet 
more closely occupants’ needs, without 
providing excess heating or cooling. 
Second, a good maintenance program for 
equipment and systems helps to ensure 
efficient operation and to prolong the 
usable life of mechanical equipment. 
Maintenance checks should be regularly 
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scheduled. This will give you a check 
on the effectiveness of your program 
and updated information on the condi- 
tion of the equipment. Third, modifi- 
cations of the duciwork, piping, fit- 
tings and other parts of the distribu- 
tion system carrying the heating or 
cooling medium - water, steam or air - 
can give quick and relatively large 
improvements in system efficiency. 
For example, repairing air leaks in 
the ductwork of a forced-air system, 
a relatively simple operation, can 
substantially reduce waste. Fourth, 
the controls of your system may have 
been inadequately designed, installed 
or maintained. Adjustment and modi- 
fication of controls can make them 
more sensitive and responsive to 
actual requirements so that energy 
isn't used if it's not needed. 
Finally, the overall system may 
be improved by such measures as resiz~- 
ing and modifying existing equipment. 
These measures should ideally be per- 
formed by qualified personnel in 
accordance with ASHRAE (American 
Society of Heating, Refrigeration and 
Air Conditioning Engineers) proce- 
dures. When making major adjustments, 
many factors must be considered. For 
instance, improving the efficiency of 
one component may improve the effi- 
ciency of the overall system, but this 
is not always the case. Modification 
of the exhaust system of a ventilating 
unit, for example, so that less air is 
removed from a building may mean fewer 
air changes and less demand for space 
heating. In a colder climate this 
might be fine. In a warmer climate, 
however, reduced ventilation could 
also mean warmer temperatures inside 
the building and greater demand for 
space cooling, thereby increasing 
overall energy consumption. Altera- 
tions of this kind often demand a 
precise analysis by a qualified 
professional. 
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Electric Power 


Consumption of electric power 
can be a major element of energy use 
in buildings. An analysis of use 
patterns, coupled with an examination 
of the building's electric systen, 
can yield many options for energy 
savings. 

In larger buildings, or in areas 
where many large motors are operated, 
there may be a power factor problen. 
Power factor is an indication of how 
effectively electricity is used at a 
site. The easiest way to tell if you 
have a power factor problem is to 
examine the electric bill for your 
site. Tf you find a charge on the 
bill labeled “Power factor penalty,” 
then you probably have a problen, 
and you will need professional 
assistance to perform a power factor 
survey. In a power factor survey, 
an engineer will come to your site 
and study your electrical system to 
find the cause of your power factor 
problem and recommend a solution. 
Electrical utility companies will 
frequently provide this service at 
a very low cost. 

Another potential problem in 
buildings’ electrical systems is 
undersized wiring. This is not only 
an energy problem but also a possible 
safety hazard. Some signs that you 
may have undersized electrical wiring 
are: lights that flicker or dim when 
motors are turned on; motors that get 
very hot when they run; fuses or cir- 
cuit breakers frequently “blowing;" 
and electrical panel boxes (where the 
fuses or circuit breakers are) that 
are warm to the touch. If you suspect 
that you have undersized electrical 
wiring, a qualified electrician should 
be contacted. 

A review of present maintenance 
and operating practices will be help- 
ful. For example, atmospheric condi- 
tions can seriously affect the 
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efficiency of electric equipment, but 
can be mitigated by appropriate main- 
tenance procedures. Water, dust, 
excessive heat or cold, humidity, 
dryness, corrosion and vibration can 
reduce performance and affect usable 
life. High humidity can cause dirt 
build-up on parts, reducing effi- 
ciency. Are equipment rooms dry and 
adequately ventilated? If trans- 
formers or switchgear are located 
outdoors, do they have adequate shad- 
ing to prevent heat build-up, and are 
they adequately ventilated by natural 
means? 

Information on the times when 
electrical equipment is used is 
essential. There may be periods 
when some items can be disconnected 
or switched off, such as vending 
machines operating in a building that 
is closed and locked on weekends. 
Transformers for heating equipment 
may be de-energized through the 
cooling season. 

Many utilities include a “demand” 
charge in their rates. This charge 
is different from the charge for 
actual amount of electrical energy 
used, or kWh. Demand is the rate at 
which electric energy is delivered. 
It is an indication of the maximum 
rate at which power will be drawn from 
the utility. High demand results from 
simultaneous operation of several 
different pieces of equipment. vemand 
charges can reach 30 to 35% of the 
total bill. If your electric bill 
contains a large charge for electric 
demand, or if “billing demand" on the 
bill is higher than “actual demand," 
a careful analysis of usage patterns 
and demand peaks may be warranted. 
(See Data Form 1, “Electricity,” 

p. 24, in the “Planning Process" 
section for a more detailed 
explanation of the “demand™ concept .) 














Reference materials have been 
provided with these planning documents 
to expand the amount of technical 
information available to you. If you 
can put the information to use, you 
will begin to develop solutions to a 
wide variety of problems on your own. 
At times, however, you will find the 
process frustrating, especially if the 
problem you're confronting requires a 
sophisticated engineering solution. 

Do not be discouraged - it is not 
realistic to assume that everyone will 





Many of the conservation measures 
listed are simple enough for you to 
work through entirely on your own by 
using the reference materials pro- 
vided. For example, if you wish to 
add storm windows, you would go to 
measure 1.11 “reduce transmission heat 
loss through openings such as windows, 
skylights..." where the reference 
given for residential buildings is In 
the Bank...Or Up the Chimney? For 








be able to complete every part of 
every problem entirely on his own. 
There are a number of measures listed 
in the “Planning Process” section for 
which you will probably require some 
form of technical assistance. You 
will need to draw on the expertise of 
a builder, an engineer, or other spe- 
cialist, to help you develop a solu- 
tion, perform a cost benefit analysis 
for a complex measure, or in some 
cases, assist you in determining 
whether a certain measure is 
applicable to your situation. 








How to Use the Reference Materials 


The following discussion out- 
lines, according to the type of mea- 
sure you are dealing with, what vou 
can expect to accomplish on your own, 
what you should leave to the expertise 
of a professional, and when you may 
wish to work with a technical con- 
sultant on a “pet project" which may 
have energy conservin, implications. 
Examples are given to help you know 
when you need to look for assistance. 


this type of measure where the refer- 
ence material is self-explanatory, you 
should do all of the work on your own. 

A second group of measures, hovw- 
ever, may require technical assistance 
to: 


@ determine applicability 
@ compute savings 


@ prepare an adequate descrip- 
tion of the measure in order 
to get bids. 


A good example of this type of measure 
is 1.9 “Improve burner/boiler effi- 
ciency.” Again, fur residential 
buildings, the reference given is In 
the Bank...Or Up the Chimney? The | 








reference describes the options avail- 
able to the homeowner and outlines 
what is involved in a complete oil 
burner check-up and a furnace effi- 
ciency test. The reference does not 
give the reader instructions on how to 
service the burner, or how to take. 
stack temperatures ond CO. readings to 
determine furnace efticieficy and com- 
pute potential savings. It is clear 
here that the lay-person must feek tic 
advice of a professisial. (However, 
if the reader is an operations manager 
for a larger building, a checklist 
Similar to that mentioned in the ref- 
erence may be all that is necessary to 
give to the 0 & M crew to incorporate 
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There is a third category of 
measures which are not listed at al! 
in the “Planning Process” section 
because their application is specific 
to an individual meed, climatic varia- 
tion, etc., but for which the refer- 
ence section can be helpful. For 
example, most passive solar retrofit 
applications would fail into this 
category. A few examples are: 
attaching a greenhouse to a heated 
structure, adding windscreens or sun- 
screens to a building's exterior, 
redesigning the interior of a building 
miter renovation, or sectioning off 
:oams to create thermal barriers (like 
locating storage space on the sorth 
side of a building or adding a vesti- 
bule). All are measures which affect 
the heating requirements as well as 
the comfort of your building. The 
extent to which these changes affect 
vour fuel bill, however, is difficult 
to calculate. Consulting a profes- 
sional could provide you with this 
information as well as ensure that 
your design is energy efficient. 

The technical reference material 
can be particularly useful to you in 
researching projects of this nature. 
For instance, if you want to build a 
greenhouse, the reference material on 
new buildings will allow you to iden- 
tify potentially suitable physical 
designs and alternative energy 
sources. You should be able to get a 
solid understanding of the material 
from these sources; and in some cases, 
vou may é-cide to go ahead with the 
desigr and construction of a particu- 
lar project, such as building a solar 
window bex. However, the literature 
will not direct you to a method of 
computing costs and savings. Here 
again, you must consult a professional 
engineer or architect. 





How the Reference Materials 
are Organized 


Technical reference materials 
cre divided into core and secondary 
sources. The core sources are those 
books which comprise your “Buildings” 
library and have been referenced in 
the “Planning Process” section. These 
publications contain information that 
will be heloful in analyzing and 
implementing the measures listed 
there. While the secondary public.s- 
tions are not provided in the library, 
they do contain valuable information 
and may de useful in solving specific 
problems. 

Core publications have been 
selected to give you the best avail- 
able references in several important 
areas. 

The majority of the specific 
references for buildings are contained 
in three books. They are: 


1. Guidelines for Saving E nergy 
n xiet nese - 
FerTding Owners ond Operators 


2. Guidelines for Saving Ener 
Tn Existing Buildings - 
Engineers, Architects, and 
Soarstoce Manual (ECM 2) 


3. Energy Survey Manual 

















The first two, commonly known as ECM ! 
and ECM 2, contain much of the “hard” 
information about energy-saving mea- 
sures in buildings. Here are many of 
the detailed descriptions of measures, 
as well as the greatest number of 
procedures and information for calcu- 
lating costs and benefits. The only 
other places in the reference mate- 
rials where a significant amount of 
specific cost/benefit information can 
be foun’ ore in Fuel Savers, which is 
the handbook on passive solar retrofit 
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the handbook on passiwe solar retrofit 
ideas; and In the Bank...or Up the 
Chimmey!, which contains much of the 
cost nefit information on residen- 
tial retrofit construction. The third 
major publication, the Energy Survey 
Manual, is best for the overview if 
provides of the formal technique of 
surveying a relatively large building. 
This publication emphasizes mechanical 
systems in its consideration of 
energy-saving measures. 

The first three books ment ioned 
above do not consider implementation 
of renewable energy resource tech- 
nologies. Several publications - 
including Fuel Savers and Passive 
Desien Ideas for the Energy Conscious 
Architect - are included to present 
passive solar options that can be 
viewed os measures for displacing con- 
ventional fuels with enerev from «a 
renewable source, the sun. Other mea- 
sures which di*piace non-renewable 
energy sources, such as active solar 
and wind generation techniques, are 
treated in Volume II, On-Site 
Generation. 

wo publications deal solely 
with residential energy conservation. 
These are In the Bank...Or Up the 
Chimney?, and the Time-Life Weather- 
proofing book. Whereas in the Bank 
contains much information on cost/ 
benefit and some good sections on 
how-to-do-it, the weatherproofing 
book is entirely implementatior 
oriented. 

The remaining literature consists 
of books which give instructions for 
making new buildings enereyv efficient 
beginning at the design stage; and 
books dealing with special problems or 
building types. The best reference of 
the first type is the American Insti- 
tute of Architects’ very readable 
book, Energy Conservation in Building 
Design. nformation on new design has 
been included not because ic particu- 
larly relates to vour own planning 
process, but because it can help you 





























with the design and construction of 
Simple structures, as well as in 
working with architects, planners, 
and engineers in the design of more 
complicated facilities for vour 
site. 

Mobile homes, historic structures 
or older buildings, and food service/ 
retail store operations present spe- 
cial problems in taking energy con- 
servation action. For this reason, we 
have included the best publication in 
each of these areas. Wave to improve 
the energy efficiency of windows and 
their cmponents are presented in 
Window Design Strategies. Outdoor 





lighting also presents special prob- 





lems, so we included Energy “anagement 
im Municipal Street Lighting. = 
do mot replace the first three publi- 
cations discussed above, but they will 
help deal with technical concerns in 
these areas. Since landscaping can 
directly and indirectly sifect energy 
consumption in buildings, two publi- 
cations cover this subject area. 

Plant a Tree matches deciduous and 





coniferous trees to climatic zones, 
while Landscape Planning for Ener 
Conservation suggests a number of dif- 














55 


ferent methods to minimize the effect 
of the wind and to increase and 
decrease solar heat gain through 
landscaping. 


Now that vow are familiar with 
the concept of buildings as energy- 
using systems, and are aware of the 
areas where waste is likely to occur, 
it is time to work owt your own site 
specific program for making your 
buildings energy efficient. 

Energy conservation in buildings 
can be achieved through a wide variety 
of measures. These opportunities to 
save energy and reduce building 
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operating costs fall into four basic 
areas: 





@® proper operation and sainten- 
ance 


@ wperading and modifying exist- 
ing building components 


@ eliminating or replacing 
buildings 


@ drastically reducing con- 
sumption in new buildings 
through advances in design and 
technology. 


The process for collecting data 
sbout your buildings, analyzing the 
data, and then using that information 
to evaluate conservation measures 
involves more steps than other similar 
sections in the Planni Guide. How- 
ever, the final results of your 
efforts will be a very valuable con- 
tribution to energy conservation in 
your refuge or hatchery. Aithough the 
process may appear complicated, it 
will become easier and quicker with 
each building vou examine as you 
sharpen your intuition and knowledge. 
This process relies a great deal om 
what you already know or can learn 
rapidly about how your buildings use 
and waste energy. It recognizes, 
however, that in some instances you 
will need outside technical assie- 
tance. Be honest with yourself in 
these cases, and contact approprir*e 
local resources, the Denver Engin_er- 
ing Center, or your Regional Energy 
Coordinator. 











The process for selecting the 
best conservation measures for your 
buildings involves 9 steps. The dia- 
gram on the next page shows this step- 
by-step process along with the data 
forms involved -- the Energy Manage- 
ment Form, and the Measures Assessment 
Form. A detailed discussion of each 
step follows. 


Step 1. Familiarize yourself with the 
information in the precedi es on 
energy conservation in Getlatnge. 

If you have not already read this 
section, you should do so before con- 
tinuing. It will provide crucial 


definitions and a better understanding 
of how buildings use and waste energy. 











Step 2. Enter initial data on all of 
r buildings from the DOL “Prelimi- 
nary Energy Audit” on Data Form 1, the 

nergy Management orm. 


The Energy Management Form (EMF)* 
serves several purposes in the plan- 
ning process: 














@ It enables you to compare the 
relative efficiencies of 
similar buildings using the 
Energy Utilization Index 
(EVI). 


@ It allows you to compare con- 
sumption of various fuels to 
indicate potential areas of 
energy waste within the 
building. 


*This form was developed by the National Electrical Manufacturers Association 
and the Nat.o+! clectrical Contractors Association for FEA, U.S. Department of 
Commerce, National Technical Information Service #P8254683, “Total Enerey 
Management: A Practical Handbook on Energy Conservation and Management,” 1976. 
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e@ If you use the EMF as a roni- 
toring device and keep records 
over several years, it enables 
you to spot quickly changes in 
building efficiency over time. 
This can be very valuable 
information in targeting your 
conservation efforts. 


In addition to the above services 
that can be performed using the EMF 
in the planning process, it can also 
be used for fiscal management. It 
enables your site to determine whether 
a particular building is being billed 
correctly for fuel, whether it is 
receiving the lowest possible rates, 
and to project energy costs in the 
future. 

The EMF is divided into two sec- 
tions. The top contains detailed data 
on fuel consumption and will only be 
filled owt for those buildings that 
are selected as targets. The bottom 
section contains overview information 
of the building. This should be 
available from the DOI "Preliminary 
Energy Audit,” which has already been 
completed for your site and which 
should be on file. This section 
should be filled out for all of your 
buildings so that you will have an 
accurate basis on which to select 
target buildings. 

Perhaps the most important 
piece of information you will get 
from filling out the EMF is the 
Energy Utilization Index (EUI). 

The EUI is the number of Btu con- 
sumed per gross square foot of 
conditioned space (heated or cooled) 
per year. Generally, the higher 

the EVI, the less efficient the 
building. The EUI is a standard 
which allows you to compare build- 
ings of different sizes and with 
different fuel consumption patterns, 
just as we use miles per gallon to 
judge the relative efficiency of 


different sizes and models of 
vehicles. 

The Energy Management Form and 
detailed instructions for filling it 
out are given in Data Form !, p. 22. 


Step 3. Compare the EUI of your 





buildings to the regional mean EUI for 





similar types of buildings to deter- 





mine those which you should focus your 





attention upon. 








Table 1 shows the categories of 
buildings that you should use for 
performing the analysis required in 
this step. The idea behind this 
categorization is to group buildings 
of a similar function togethe: so that 
they can be compared. You would 
expect that the amount of energy used 
in office buildings is very different 
from the amount used in residences, 
and it is. But by comparing office 
buildings, you can quickly spot which 
are the energy wasters. Once you have 
categorized your buildings, you will 
be able to compare them with similar 
buildings. In other words, are your 
buildings’ EUI's “high” or “low”? 
There is no set of EUI standards 
specifically designed yet for refuge 
or hatchery buildings to help you 
answer this question. However, thee 
is a guideline available now that 
lists the mean, or average, EUI for 
building categories in your climate 
region. These are presented in 
Table 2. 

You have already sorted your 
buildings by category. But before you 
can use this table, you must also know 
what climate region you are in. There 
are wide variations in the effect of 
temperature and weather on the energy 
requirements of buildings. Research 
has shown that heating requirements 
vary directly with the difference 
between 65° F and the daily mean 
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Table 1 Building Categories Yd] 


Category 





e@ Warehouses 


Examples 





Operations, maintenance, garages, fish 


hatcheries, firewatch towers, utility 
buildings 


e Offices 


e@ Assembly 


Visitor centers, lecture/classroonm, 


auditoriums, theaters, galleries/ 
exhibits/mus<ums 


@ R8estavrents 


Cafeterias, full-service dining rooms, 


fast-food outlet, coffee shop/ snack 


counter 


@ Residential /nonhouse- 
keeping 


@ Mobile Homes 
@ Single Family Detached 
@ Single Family Attached 


@ Multifamily Low-rise 


outdoor temperature.* Cooling 
requirements show a similar, but not 
as precise, variation. From these 
findings the concepts of “Heating 
Degree Days" (HDD) and “Cooling Degree 
Days" (CDD) (the difference between 
the mean outdoor temperature and 65 ) 


were developed (See Data Form 1, p. 23). 


For example, if the mean outdoor 
temperature were 50 on a given day, 
that would contain 15 Heating Degree 
Days (65° - 50° = 15). The Degree Day 








Hotels, motels, lodges, dormitories 


Townhouses S 


Cluster homes, garden apartments. 


total for the year gives an estimate 
of the severity of climate for heating 
and cooling purposes. Thus, just as 
"building category," Heating and 
Cooling Degree Days can serve as 
“equalizers” in comparing buildings. 
You would not expect similar buildings 
in Maine and Florida to have equal 
EUI's. 

You can obtain information on 
your site's total annual Degree Days 
Heating and Degree Days Cooling from 


*This explanation of climate regions is taken from Total Energy Management , 


p. 8. 
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Table 2. Mean Value of Annual Energy Performance in 1000s Btu/sq. ft. for 
Building Categories and Climate Regions 
Area REGION REGION REGION REGION RECION REGION REGION 
Bldg. Type NAT'L l 2 3 4 5 5 7 
Restaurant 159 162 178 186 144 123 137 137 
Resident ial /Nonhouse- 
keeping 95 99 84 94 125 90 93 106 
Mobile Homes 75 103 84 81 67 42 54 79 
Single Family Detached 69 104 73 61 52 43 38 58 
Warehouse (Operation/ 
Maintenance) 65 75 82 65 50 % 37 39 
Office 64 65 76 65 61 51 50 64 
Assembly 61 58 76 66 51 44 68 57 
Single Family Attached 47 65 54 45 37 35 33 45 
High-Rise Apartments 49 53 53 52 53 % 29 * 
Multifamily Low-Rise 43 58 55 4! 31 27 22 32 


the Weather Bureau, your local elec- listed at the left. Compare the EUI's 





tric or gas utility, or your local oil 
distributor. Then determine which 
region applies in your area. (See 
information above.) 

Once you know in vhich HDD/CDD 
Region your refuge or hatchery is 
located, turn to Table 2 and find the 
column for your region. Listed in 
that column are the mean Btu per 
square foot for the building category 





*data not available 








for your building with the means 
listed in the table. 

For each category of buildings in 
your refuge or hatchery, find your 
regional mean. Don't be too discour- 
aged if few or even none of your 
buildings are at or above the mean. 
The mean values in the table were 
developed by architects and engineers 
based on new buildings being designed 


Information trom “Final Report, Phase One/Base Data for the Development of Energy 


Performance Standards for New Buiildings™ by A.1.A. Research Corp., Contract 
H-2689, U.S. Department of Housing and Urban Development in cooperation with U.S. 
Department of Energy. Figure ES-4. 
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Heating Region I 


Heating Region II 
7,000 HDD 


Less than 2,000 CDD; more than 7,000 HDD 


Less than 2,000 CDD; more than 5,500 to 


Heating Region III Less than 2,000 CDD; 4,000 to 5,500 HDD 


Heating Region IV Less than 2,000 CDD; 2,000 to 4,000 HDD 
Heating Region V Less than 2,000 CDD; 0 to 2,000 HDD 
Heating Region VI More than 2,000 CDD; 0 to 2,000 HDD 


Heating Region VII More than 2,000 CDD; 2,000 to 4,000 HDD 


today. Since new buildings are likely 
to have incorporated energy saving 
design features, your buildings will 
probably be much less efficient. 

When more applicable figures are 
developed, or when regional FWS data 
are available, those standards shou!'d 
be substituted for Table 2. You 
should now know which buildings you 
want to focus your attention upon when 
you work through and evaluate con- 
servation measures for your buildings. 


Step 4. Complete Data Form 1, the 
Energy Management Form. 








In Step 2, you filled out the 
bottom portion of the Energy Manage- 
ment Form. You should fill in the top 
portion of the EMF for those buildings 
which you feel need special attention. 
This will help you to check the per- 
formance of the building as you imple- 
ment energy conservation measures. 

Detailed instructions for com- 
pleting the EMF are included with 
Data Form |. 


Step 5. Work through the "I" Measures 





on Worksheets I for each building. 





Buildings measures are separated 
into three overall groups: those 





designated “I" for “immediate 
priority,” “H" for “high priority" 
and "F" for “further study." The 

"I" measures, as the first category 
has been called, should be considered 
for all of your buildings. Little or 
no data collection will be required 
for assessing these measures and 
working them through the Worksheets 
Il, Measures Evaluation. 

The process of taking me a- 
sures through the Measures Evaluation 
can be streamlined to help you 
complete them quickly. Four of the 
10 columns on the planning process may 
be omitted, unless you find a need to 
write in them. These four columns 
are: 


sad bas 


@ potential benefits 

e@ first checkpoint 

@® savings 

@ payback period. 

For many "I" measures, it is 


difficult to figure savings. But most 
involve little or no cost, so payback 
can be assumed to be almost immediate. 
Motivation and incentives play a large 
role in implementing many of these 
measures; thus, getting peoole in a 
building involved and committed to 
conserving energy will be a major 
consideration. For this reason, it 

is suggested that you work with 


(a! 
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representatives from the building. 
Both building users cnd maintenance 
staff should be included in your 
decision-making process. You wil! 
complete Worksheets II just as in 
other sections. 











Step 6. Using information from the 
Energy Management Form and what you 
already know about your buildings, 
select other measures from the “H” and 














FF" sroups and check (/) them for 
further consideration on Worksheets I, 








Potential Building Measures. 





After you have completed working 
through the “I" measures, you should 
continue the process of selecting 
conservation measures for your build- 
ings. To do this you must ask: “why 
is this building using too much 
energy?” In addition to considering 
how the building is used, the remain- 
ing possible answers fall into these 
categories :* 


|. Infiltration Cincluding 
windows, skylights, and doors 


rh 


Transmission (including insu- 
lation, glazing, exterior 
sur faces) 


3. Ventilation 








4. Lighting 

5. Domestic Hot and Cold Water 
6. HVAC System Operation 

7. HVAC System Maintenance 


8. HVAC Control, Adjustment, and 
Modification 


9. Electric Power. 


Which of these areas are most 
responsible for energy waste in the 
building? To find this out, you need 
to conduct two major activities. 

In the first, you look at nun- 
bers, and link energy consumption 
(electricity, gas, oil) with energy 
using systems (heating and cooling, 
lighting, etc.). Your examination of 
these numbers gives you some idea of 
the relative inefficiency of various 
buildings and their energy using sys- 
tems. You have already compared 
buildings with each other by ranking 
them by EVI. WNow vou should focus on 
the energy using systems within each 
target building and try to determine 
which systems are most responsible for 
its energy waste. The EMF is the key 
here. The EMF will give you some 
indication of how various fuels are 
used in the building. Unless you have 
separate metering** for different end 


*Before you begin working, it might be helpful for you to reread the 





discussions of these areas. See Section C entitled Problem Areas - 
Opportunities for Energy Conservation.” 


**in some buildings (usually large office or other commercial buildings), there 
are Btu or energy consumption meters which record quantities of fuel and power 
used for specific components of the buildings. If you have this capability, 
this step will be much simpler. If your current metering capacity does not 
allow you to allocate quantities of fuel to specific end uses, e.g., heating, 
hot water, lighting, etc., then you may want to consider a project to upgrade 
your metering so that greater control over internal building conditions can be 

© achieved and more accurate conservation planning can occur. 
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uses, you will not be able to allocate 
fuels precisely to euergy using sys- 
tems - your electricity consumption 
may contain cooling, lighting, power 
equipment, and even heating in some 
cases. If heating is not included, 
you can roughly separate cooling from 
other electricity uses by comparing 
your usage in summer (cooling) months 
with that in winter months. 

The second activity involved in 
detecting energy waste is a careful 
on-site assessment of the buildin 
If you suspect that the heating and 
cooling system is the major problem 
area, you can identify the real 
culprit only by going out and looking 
at the various components of that 
system - faulty equipment, poor main- 
tenance procedures, uninsulated pipes 
or ducts, etc. During your Walk- 
through of the building you may also 
uncover villains you hadn't even 
suspected. 

Thus, the phrase “detecting 
energy waste” is not accidental - your 
task is much like a detective’s. 
First, you make some informed, intel- 
ligent guesses about the situation; 
then you go out and investigate those 
hunches, gathering physical evidence 
until you can confidently say that you 
have identified some, if not all, of 
the problens. 

Once you have made some est imates 
of problem areas, turn to Worksheets 
I, Potential Building Measures and 
place a checkmark (/) beside those 
measures which should receive further 
consideration. 

At this point, your hunches do 
not need to be too specific - you will 
refine them later during the Walk- 
through of the building. 


Step 7. Do a preliminary assessment 
of the applicability of energy con- 
servation measures you have checked 
from what you already know about your 
building. Record your conclusions on 




















Works Meas s As t 
Fora. 





Although the list of potential 
measures on the Measures Assessment 
Form may appear somewhat overwhelming, 
this step is designed to enable you to 
eliminate a significant number of them 
without leaving your desk. Using the 
Measures Assessment Form, you will 
make a judgmert about the current 
status of each measure. It is *) in 
place or planned, b) not applicsble, 
or c) a potential activity. If a 
measure is already in place, planned, 
or not applicable (because the build- 
ing does not contain the particular 
equipment or system), vou do not need 
to consider it any further. Only 


those measures marked “potentia 
activity” will be examined during the 
be elim- 


Walk-through. Since you will 
inating measures at this point, it is 


important that, if you are not sure 
about the status of a measure, you 
call it a “potential activity.” Then 
you can examine its applicability more 
closely during the Walk-throuch. 

As you go through th measures, 
you will notice that some are marked 
with a “T." This symbol indicates 
that some technical expertise will be 
required to evaluate the measure 
accurately. In some cases, people 
within your refuge or hatchery will 
have this expertise; in others, you 
may require outside assistance. 














Step 8. Using the results of Step 7, 
conduct an on-site assessment or Walk- 
through of the building to check those 
measures which were initially judged 
applicable. Record your observations 
on the Worksheets I, Building 
Measures. 




















Beginning with the category of 
measures you suspect to be the primary 
contributor to energy waste, now you 
should gather the physical evidence to 
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Support your hunches or to point you 
in mew directions. As you walk 
through the building, check all mea- 
sures marked “potential activity” to 
assess their actual applicability. 

For example, if the measure reads 
“replace broken or cracked window 
panes,” look at all of the windows in 
the building to see if any are broken. 
If there are broken or cracked panes, 
check “applicable;" if all windows are 
intact check “not applicable.” With 
some of the more technical measures, 
if you do not feel that you have the 
expertise to make this judgment, check 
“technical accistance tequired.” Do 
mot try to assess thoroughly the 
feasibility and desirability of ihe 
measures at this point - you will 

use the Worksheets II for that; simply 
mote whether or not the measure 
applies to the building and its 
equipment. 

The time required for the Walk- 
through will depend on four major 
factors: the size of the building, 
the number of measures you were able 
to eliminate during the Preliminary 
Assessment (Step 7), your familiarity 
with the Walk-through procedures and 
the measures, and finally, the exper- 
tise and knowledge of your staff. You 
cannot influence the first factor; the 
other three will improve with each 
successive building. Thus, the Walk- 
through might be very slow for your 
first building, and detecting energy 
waste by discovering those areas in 
the building that need improvement may 
seem an elusive goal. As you become 
more familiar with the procedures and 
the measures, and as you learn more 
about how buildings use - and waste - 
energy, your skill in developing 
hunches and examining physical evi- 
dence will improve dramatically. 


Step 9. Starting with your "I" 
measures and cont inuing with “A” and 


measures, enter applicable 











measures and work them through 





Worssheets 11, Measures Evaluation. 








You are sow ready to work through 
the Worksheets II. Before you begin 
this step, it will be helpful for you 
to review the material which explains 
how to use the technical references. 

Enter each applicable measure, 
with its number, on the Worksheets. 
Completing the Worksheets for build- 
ings is very similar to the process 


used in other sections of the Planni 
Guide. Any questions you have about 


the process or definitions of columns 


should be brought to the attention of 
your regional or dsshington Office 
energy coordinator. 

A sample completed Worksheet II, 
Measures Evaluation, is included 
following the Potential Building 
Measures. 





After you have completed a list of 
potential conservation measures 
for this section, you should 
review the material in the Intro- 
duction which explains how to pull 
all of your measures together into 
a comprehensive Energy Conserva- 
tion Management Plan. 


REMEMBER: The measures you are 
considering for buildings are 
meant to be a part of your total 
plan. 
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Instructions for Step 2: 
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| For this step yiw should £111 in 
bottom portion of the EMF which is reproduced below: 
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| The basic data for this section should be available from your 

| “Preliminary Fnercy Audit” or from your site’s own records. A sample 
| compieted EMF follows these instruc ions. 

' 

: Buiidine Data: The essential information required here is the 
cross scuare footage of the building involved. Gross square footage 
may be taken from your Preliminary Snercy Audit or is easily obtained 
by measuring inside wall-to-wall distance of each floor including the 
basement. To determine cross square footage of the building, simply 
aGd the gross square footace of conditioned (heated and/or cooled) 
area on all floors. Make no deductions for storage areas, columns, etc. 











*This form and its instructions were adapted, with minor modifi- 
cation, from Total Enercy Manacement, First Edition, Geveioped for FFA 
by “EMA and NECA. 
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t inved) 
Prevailing Wirnc _ _.om: In order to assess various lanc- 
scapinc measures vou se¢ to know the prevailing wind direction 
for your site in summer <>!’ winter. Usually, the direction is dif- 


ferent for these two Seasons. If the direction is the same. lanc- 
scaping for energy conservation becomes more difficult because blocking 
“chilling” winds of winter frequently blocks “cooling” breezes of 
summer as well. Local Weather Bureau reports should provice this Gats. 


Btu Conversion: Annual energy consumpticn is cetermined easily 
by multiplying the total annual amount of a given energy form (Colums 
4, 10, 16 or 19) by the appropriate conversion factc. This infor- 
mation may be cihtained from the Preliminary Energy Aud.t or you site's 
records. The result in each case is the Stu equivelent of ene:gy con- 
sumed. Add together to Getermine total Btu consumed for the year. 


Energy ‘tilization Imcex: Ener y stilization index (Btus per 
Gross square foot per year) is determine’ by dividing total annual 
energy consumption in Btu consumed by the total gross square footace 
of the building. 


instructions .or Step 6: 


For each of your target buildings you should complete the top 
portion of the EMF. You do not have to use one calendar year for this 
form - you can use June of one year through May of the following year 
rather than January through December if you choose. You should note 
the calendar years if you use the latter method, however, so your 
analysis of trends will be accurate. 


After you establish what period your base year data will cover, 
te following procedures should be followed in order to complete the 
form: 


Month (Colum 1): Regardless of the billing date used by electric, 
steam, or Gas suppliers, energy units consumed should be extracted from 
the bill for that month in which the greatest number of days occurred. 
If the bilsing period is March 2 through April 2, enter the usage under 
the month of March. 


Heating Degree Days/Cooling Degree Days  (Cohumns ¢ and 3): Past 
studies indicate that daily requirements for space heat and fuel /enercy 
conswaption vary directly with the difference between 65° F and the 
outdoor mean daily temperature. The outdoor mean daily temperature is 
the average of the maximum and minimur outdoor temperature during the 
24 hours of a given day. For example, if the maximum temperatuge curing 
the day is 55° F and the minimum is 35° F, the mean would be 45 F. The 
heating decree days, therefore, would be 20 (65° fF - 45° F). If there 
are 30 days in the month and each has 20 decree days, total degree days 
for the month would be 600 (20 = 30). Cooling degree days are deter- 
mined in the same manner, althouweh it is readily admitted that many 
other factors such as humidity, solar conditions, and wind play a si¢- 
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nificant role during the coclinc season. ‘stil such time as an accurate 
incgex is established, however, cooling decree days will have to suffice. 


tt shoulc be noted that EVI figures may be calculated for any given 
month. This may be advisable in order to monitor the effectiveress of 
implemente¢ conservation measures. Degree days are entered on the form 
next to the month colum, because in this position they provide a basis 
for comparison. For example, it would be unfair to compare the EUI of 
January, 1974 with the EUI of January. 1975 if January, 1975 were twice 
as colé as January, 1974. Information om the number of degree days each 
month in your srea usually can be obtained from your local ele tric or 
gas utility, cil distributor, or the 7.5. Weather Bureau iccal climsto- 
logical reports which are issued monthly and are available for 4 »ominal 
amount. Normally, Seating decree day entries will be made for the 
months of October throug? May. Cooling degree days usually incl: 
“ne months of June through Septerber. 





Electricity - Kilowatt ’ ours (kWh) (Colum 4): Under this colum. 
enter the kilcwatt hours shown on the electric utility bill for the 
appropriate sonth. 


Electricity - Kilowatt Hours Per (Colum 5): if elec- 
tricity is used for eating, note the product of dividing kwh for a 
heatine month by the number of heating ¢ecree days for that month. I 
electricity is used for cooling, divide the kWh for each cooling month 
by the number of cooling decree days. In either case, as efficiency 
increases, the product decreases. 








Electricity - KW Demand - Actual ‘Colum 6) and Billed (Colum, 7): 
This colwm is optional if you are going to use the EMF oniy for this 
planning process. Electric charces for larger facilities usually are 
broken ir*o two mafor components - the amount of electricity used (kwh) 
and the rate of electricity used (kWh)ower a preselected short period 
of time, usually 15 to 30 minutes. The greatest level of demand is 
registered Guring peak periods, when several mator pieces of equipment 
are operated simultaneously. Charges for the amount of electricity 
used (in kKkh) are based on the cost of generation of electricity. 
Demand charges reflect the fixed investment which a utility has in the 
Gistribution, transmission and generating equipment which must be 
available to meet your peak demand. In many cases, the actual and 
billed demands will be different. Actual demand is a record of what 
your demand really amownted to ¢uring the month. Billed demand is 

the actual demand adtusted by the various rate provisions end is the 
demand used for the computation of charges. [nm Philadelphia, for 
example, demand rate for *wo rate schedules is billed in accordance 
with the following provision: “During the eight months of October 
throweh May, the billing demand will not be less than 49% of the maxi- 
mum demand specified in the contract sor ie than 708 of the highest 
billing demand in the preceding monthe of June through September.” 
Siven the way rates are structured, use of the EVI will enable you to 
establish during which months an effort should be made to reduce 
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| Gemané ané demanc charges. For example, in Philadelphia, highest de- 
mené usually is recorded in July or August. If demand Suring both 

| these months can be reduced, then demand charges for heating months 
(which cannot be less than “70% of the highest billing demand”) will 
be lowered. Se certain to enter actual and billed demand in the 
correct colums. Many smaller facilities will not pay @ separate 
Gemané charge and, accordingly, coluwms 6 and 7 should be left blank. 


' 
| Electricity - Cost = Total (Colum 8): Enter the total cost of 
electricity for the appropriate scath. 


Electrici - Cost - Per “mit (Colum 9): CBtain per mit cost 








a a 






by 44 core by is Will enable you to compare costs 
| of 4ifferent months ir of different buildings. This provides a 
| possible means for determining if a billing error was made. 


Purchase? Steam - = {ibs.) {Coil 10): Enter total steam con- 
sumption “in terms of ¢! - @ - of pounds) as shown on the bill. 












Purchaved Steam ~ = (ibs.) ~ Decree Days (Colum 13): If steam 
is used for heating and/or cooling, divide quantity of steam by appro- 
priate heating or cooling degree days, as for ki. 





. Demand - Actual (Colusm 17): Enter 





actual and billed Gemand is essentially similar te the difference 
involved for electricity. 


Purchasec Steam - Cost - Total (Colum 14) Enter total coset a3 
shown on the bill for the appropriate period Evcteed. 





Pur chases Steam - Cost ~ Per Unit (Colum 15): Divide total cost 
by quantity (m ibe.) and enter. 


Fue) Oi) ~ Suantity ~ Gal'ons (Colum 16): Enter the amount of 
fvel oil actualiy coneumed Guring the -‘onth, which is not necessarily 
the amount purchased. By knowing how + ach was on hand at the beginning 
| Of the month, how much was edded, and sow much was left at the end of 
the month, you will be able to determine the consumption factor. 











Fuel O13 = Cost = Total (Col 17): Multiply the per gaiion cost 
shown on the bill by the amount of oii used Curing the month. 





Fue, O13 = Cost = Per Unit | 18): Enter the per wit cost | 
shown on the bili. 
| 





riate ‘in 93 




















matural gas or coal - amd calculate *otal cost and Der Wiit cost as 


a — & - -= r+ © ee a - 
= sc riL2ec ~~. ea “Soe 2 ee & 7 oF ~-- «© 
a - - -~ a 
_ 
20. = : 2 — _ 





Siues 22): Make the necessary computations 
mumber of cGecree days) ard exter the 
s is usec for heatinsc and/or 


- 2? °? * _ = — = 
nont : , c *®ating sesree cays for the month. Divié 
" * ~~. , - - ——e 4 . - 
quar.2 uses for scocling during a cooling acnth by the our- 
> 
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7 | ea 
| PLECTRICITY | POMASED STEAM = = T a 
- 2 . ; - -— —T furl. | rom 
nem if 5 w|es qu weer cw OP MANT Cast CEES) | ites fae CREA AAMT Cust | Oust OG. | eMeGY 
Sus as eel (wen me) CO T (eels) | ~~ eats pays | Costs 
sea 7s DAYS ACTUAL GILL£0) TUTAT | ini {pars ACTUAL) BILL bt TTA! ‘mT TTAL (wr T. Tal. wi 
I 2 ’ 4 5 | 6 ? n 1 4 i” | 11 i 12 13 4 Cl i* l¢ 17 is 1% 20 zi 22 23 
-. a —— | 
- 7 7 
J } 
nell + + ; + : ' ; ; I j ; | ' ' 
r 
- — + + a 2 _ 4 ’ ‘ ; ; 1 4 —- | ; ‘ -? - | > ” | . ; 
how . _ ; 
— } ¢-— + + = ' ——— ? — - | 7 | ’ 7 7 ? ' + 
ist Quart | ; 
T t t t ; t ’ ; , ‘ 
APeti 
’ ———_T —+ ; — { ' ‘ ; ‘= + ? ’ 
“AY 
. t— —} 4 + ; t t | | ; ' = : 
TIN : 
= 4 ' ? | t ? ] + 4— : | + + ‘ + ; t 
«nd wart ; | ; ; ; _ : ; 
} ' ; | | 
JULY | _ 
ee ; —_ ie 7 ' 7 ; ; | —_ ‘ ? ' + -—{ 7 
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t | ' | | ' } ' ; ‘ ‘ + ' *— 
NOV 
; — ¢— — + ‘ , ; : : : ; 7 . ; 
UE 
: ' | : ' — — 
4th Qwar ; i 
LS t ' ' ' ' ; - 
rUTAL ' 
PER YEAR | | 
BUTLDING DATA: Annual Peergy Consumption in #TUs Comversion Pac, Te/V¥er Prergy “tiligetion Indes 
Gross Area in Square Feet (GSF); 1. ; rw (Colum 4) 11,600 —_ 
Plectrici 1o , 
Prevailing Wind Direction: - . (mM ibs. (Colum 10) tel —— evr = Total Energy (onsum brUs/V¥s 
Purchased Steam , 1,030,000 Groes Area (eq ft) 
Winter: m Natural Gas — Tee oS *. } 38, 700 7 
4. Gallons (Colum le) #6 149, 700— —— . HTMe/eq ft/Yr 
Summer: ' oil 
° ther 
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WORKSHEET 1 


POTENTIAL BUILDING MEASURES 








Instructions 





Measures: This column lists the operations, main*enance and retrofit options 
to be considered for your buildings. 


Preliminary Assessment: In Step 9, you will conduct an initial assessment 
of the applicability of the measures listed. This task should be done from 
your current knowledge of the building and should not require you to leave 
your meeting room or office. You will decide whether a measure is in place 

or planned, not applicable, or a potential activity, and check the correct 
category. Measures which are in place, planned, or not applicable need not 

be considered any further. Measures should be considered “not applicable” (NA) 
if the building does not have a particular type of system (under HVAC cate- 
gories, options are presented for several types of systems, and you should 
consider only those which the building has) or if the measures apply to 
equipment not contained in the building (kitchens, large power equipment). 

If you are not sure about the applicability of a measure, check the potential 
activity column at this point so you can assess it more accurately during 


the walk-through. 


check actual applicability of all “potential activities.” You will then 
check the appropriate column - applicable, not applicable, or technical 
assistance needed. The “T.A. Needed" colum is included in case you need 
help to decide applicability of more technical measures. 


Technical Reference: In this column, reference books and page numbers for 

each measure are given. (In some cases, the reference applies to an entire 
group of measures.) References to the following books are particularly 
applicable to residences (single-family detached, single-family attached, 
multifamily low rise, high-rise apartments (partial), mobile homes, historical 
building): 


e In the Bank and Up t he Chimney 


e Weat her Pp roof i ng 


@ Insulating the Old House. 
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POTENTIAL BUILDING MEASURES 
| TT 
Preliminary Assess. ‘Walkthrough Assess. 
i nals <> . 1 
. > T _— Y Techmica 
Measures \In Place) , | Appli- | | Need Reference ** 
N/A tia ; | N/A 
|Planned | cable | T.A. 
|__| Activity] ,__| | 
t TT T ; || 
’ ’ 
1. INPILTRATION: | | 
| 
| | | | 
1.1 | 
Eliminate air leaks around windows and | | | | 
skylights. | : | 
| | | 
a) Replace broken or cracked window | i | 
panes. 1 *# ) ' ) 
| 
' 
b) Replace worn or broken weather- | | in the Bank, pp. &-%, 
stripping. I | | | | 4; Weatherpro fing, 
| pp. 7-ll; BCH-1l, pp. 
’ | —s 
| | 116-122, 168. 
| | | | | | 
c) Install weatherstripping where none , | | 
exists. I | jin the Bank, pp. 8%, 
| ey Weotnesps cot sag. 
' Pi “li; bCM-1, py 
| llé-li22, ior, 
a) Caulk around window frames if | in the Bank, pp. &9%, 
} : 
cracks can be seen. l | | 5 ; weat ery r cx ting, 
| | pp, 16-19. 
| 
| | | 
e) Replace broken or missing sealing | 
gaskets and cam latches on operable | | 
windows. I | 
' 
1.2 i | 
Eliminate air leaks around doors. | | | 
a) Replace worn or broken weather- | a the Baik, pp. 8-9, 
stripping. | | ¥m=-37; Weatherproof in ’ 
* | indicates priority measures which should | PP. L2-15. 
‘ | } ' ! { 
be considered first. | | 
| lL rt j i | | 
** These references are part of a core library which should accompany these energy conservation/mgmt. planning materials. 


VF 
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PyATewT 
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—~— ~ — 
Preliminary Assess. Malkthrough Assess. 
i. T > Technical 
Poten- 7 | 
Measures In Place _— cial Appii- a | Need Reference 
| . 
‘Planned | cable | TA. 
! | Activity | ) 
7 = - = | ie -% - »" 
_ = 7” er —_— | if 7 
: ’ 
. ) 
b install weatherstripping where none ) | in the Bank, pp. &-%, 
' ) 
exists. ‘ ' ) M- 375 Moatherprost ing, 
; | : : © 
| iP- l2-i5 
c aulk around Goor frames if cracks nthe Bank, pp 6-9, 32 
[an be seen. I \Weatherpr: 1. 
| | | | 
3 Install storm doors. " | ’ Weatherproofing, p. 105 
) iIn the Bank, p. 41. 
| | | 
e) Rehang misaligned doors. ! | ) | | 
' 
’ ’ 

[) Repair, replace, or instali | | Jweatherproot ing, & LS; 
yasteting on garage and other | Survey Manual, p. 16. 
verhead doors. ] 

| 

Reduce the amount of air that enters 

the Duilding when Goors are open. 

a all automatic door closers 

4ii doors leading outside ofr 
to wr naitionead areas. 4 
Adjust automatic door ciosers 
t permit faster closing. ] 
Install vestibules at frequentiy- 
wed entrances. (T)* f 

install revolving Gdorrs at 
frequentiv-used entrances. i(T) | 

®e®)  2nmsteil an air curtain. (T) j 

4 — — S - 
T e technical assistance of an engineer i868 sug pested. 
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TO ~~ ay 


Preliminary Assess walathrough Resess.i 

7’ Technical 
Measures Place! : li- Need . 
In Plac le cial a d asa | Reference 


Nu, 
c . *. 
Planned Activity atl T 





a 


4 | | Poten- | 


» ae - —_ 





- 
—@ 
‘ 


care-, tey~-, OF rack 


re 
, 
*] 
6 
-? 
= 
. 
e~ 


freguency-operated garege Goor 


which closes sutomsaticelly. * 


iL Install garege doors where they are . 


Make delivery entrances smaller j 
a) se an expendabie enciosure for 
wlivery ports which adjusts ¢t 
meet the back of the truck. * 
’ 


Reduce air ieaks around other openings. 


4 Feep fireplace dampers and attic 
atchways ciosed and sealed wher 





not if use. : 


i PFrciose wertical shatits and stairs. 


suis around outsice water faucets, mn the Bank, pp. de 





xaust Gucts, cChimmeys, teiephone Weatherpt ity, PP. 





r electrical cable entrances, and 16-19. 


‘her breaks in the building's 


7 
iteide surtaece. : 





























| 
POTESTIAL BUILDING MEASURES | 
Preliminary Assess ¥Valathvough Assess. 
, : 
- —— a - — a | Tecthmice) 
Pot en- Tt — 
Measutes in Place “/n tial Appii- a/n wees Refer. nce 
> > 
Hlanced cabie Ta. 
Activity 
imcressing the cooling effects of wind 
Am "EK" indicates that if prevailing 
‘ing direction is the sem in summer : 
anc winter, the measure my increase 
the heating bill). : 
: 
a Remove barrie.:s that block 
Sreezes such a8 fences, trees, 
ther vegetation. Us ; 
| ; 
t Peplaece permanent wind berriers . 
wit” seasonal omnes, such as 
temporary snmow fence’ or | 
Secidwous trees. ; ' 
This fr prune trees and shrubs. A ' 
; arre, nat st aa Lreezes 23: > trees, | 
bushes, r structures , ’ 
’ ar 2 . ; 
PecGguce th Pact f winter a Ff a! “6° aye 
pecreasing th« :22ing effect . tt : 4 . - 

Oe ee a ° 
wind * ; hb. ates that if 
Prevaias ; ¥ } igect " is te Sar 
; mmer a ‘er ‘re measure . 

4 a& : . sa » & &2aa 
> - ° > m | » : 
2 Ef¢ , ermer - eect SJ as 
. if a — . . 
. : ern s Ls 
: :s ss. eats 4 
: 
[at ~ -_ #5 4 ° ; ' 
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PITENTIAL BUILDING MEASURES 





Measures 


Preliminary Assess. 


Walkthrough Assess. 





Ia Place 
Planned 


N/A 


Poten- 
tial 
Activity 


Appli- 
cable 


N/A 


Need 
T.A. 


Technical 
Reference 





c) 


dq) 


a) 


b) 


c) 


d) 


e) 


f) 





2.1 

Reduce heat loss in winter and heat 
gain in summer through windows by 
improving glazing and using shading 
devices. 


Discontinue pruning of trees and 
shrubs. (xX) F 


Dismantle or obstruct wind 
channels. I 


2. TRANSMISSION: 


Install light-colored opaque 
blinds or drapes, 4H 


Add reflective materials to the 
window side of draperies. H 


Install thermal barriers on windows 
for use during unoccupied hours. H 





Insta]. outdoor sunshades or awnings.| H 


Block off and thermally seal all 
unused windows with cpagque or 
translucent insulating material. H 


Install storm windows. H 


| 


























Building Yesiagn, p. 41; 
ECM-1, pp. 171-173. 





ECM-1, pp. 171-173. 


ECM-2, pp. 33-36. 


Weathe’ proofing, pp. 
106-109. 





BCM-2, pp. 33-30. 


In the Bank, pp. 10, 38- 
40; Weatherproofing, 


pp. 98-104. 














78 
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POTENTIAL BUILDING MEASURES 





Poten- Technical 
Measures In Place tial Appl i- N/A Need Re ference 
Planned N/A —_ cable / T.A. 
Activity 


Preliminary Assess. 


Walkthrough Assess. 














g) Replace single glazed windows with 
double- or triple-glazing and/or 
reflective glazing. F 


h) Add reflective or heat-absorbi.. 
film to the inside of existing 
windows. F 


2.2 

Reduce heat loss in winter and heat 
gain in summer through walls, floors, 
and roofs by adding insulation (and 
ventilation and vapor barriers where 


necessary). 


a) Check present insulation and add 
insulation to exterior walls, and 
walls which separate conditioned 
and unconditioned areas. 4H 


b) Check present insulation and add 


insulation to top ceiling or attic. H 


c) Check present insulation ani add 
insulation under floors over 
garages, Crawlspaces, or other 
unconditioned areas. 4H 




















ECM-2, pp. 25-33; 
Building Design, pp. 
38- 39. 





Window Design, pp. 4.1l- 
4. 38. 





In the Bank, pp. 19-20, 
42-44, 53; Weather- 
proofing, pp. 70-77, 

| 86-89; Old House, pp. 
10-16, 18-27. 











In the Bank, pp. 19-20, 
42-52; Weatherproofing, 
pp. 70-85; Old House, 
pp. 10-16, 186-27. 











In the Bank, pp. 19-20, 
42-44, 54-57; 
Weatherproofing, pp. 70- 
77, 90-95; Old House, 
pp. 10-16, 18-27; 
Guidebook, pp. 65-67. 
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WORKSHEET 1 





POTENTIAL BUILDING MEASURES 





Preliminary Assess. 


> ---— 


Walkthrough Assess. 





— 


Poten- 
Measures In Place rene Appli- Need 
Plannea | "/A - cable | /A | v.a. 

Activity 


Technical 
Reference 





d) Check present insulation and add 
insulation to portions of basement 
walls that are above ground. 4H 


e) Add roof deck insulation if your 
building is 20 years old or older, 
or if you are replacing the roof. H 


2.3 

Reduce heat gain in summer through 
walls and roofs by treating exterior 
surfaces of the building. 


a) Repaint or clean exterior finish 
to improve reflective characteris- 
tics. 


b) Repaint or resurface the roof to 
make it more reflective. I 


c) Install architectural projections 
such as overhangs for shading. 4 


d) Install roof sprays. (T) F 


2.4 

Install passive solar systems to take 
| advantage of solar energy for heating 
and cooling. 





a) Increase or take advantage of 
existing thermal mass of the 
building. (T) F 























In the Bank, pp. 





42-44, 58-59. 


Window Design, pp. 2.15- 





2.20. 


Fuel Savers, pp. 








19-20, 


14-15. 


‘ 
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POTENTIAL BUILDING MEASURES 








Measures 


Preliminary Assess. 


Walkthrough Assess. 





In Place 
Planned 


N/A 


Poten- 
tial 
Activity 


Appli- 
cable 


N/A 


Need 
T.A. 


Technical 
Reference 





oo 


b) 


c) 


da) 


f) 


g) 


h) 





i) 


}) 





Convert existing or construct 
new masonry walls for combined 
collection and storage of solar 
heat. (T) F 


Convert existing roof into solar 
collector. (T) F 


Add new windows or skylights to 
increase solar gain. (T) F 


Construct small scale window 
mounted solar collectors. (T) F 


Construct a greenhouse for 
increased gain in winter and 
cooling in summer. (T) F 


Coordinate use of spaces to take 
advantage of direct gain during 


day and thermal mass at night. (T) F 
Convert roof for use as roof 
pond for heating and cooling. (T) F 


Increase total amount of solar 


energy Striking collector surface 


by taking advantage of reflectance 


from ground and adjacent building 


surfaces, and/or new material 
installed for this purpose. (T) 


Install storage devices. (T) F 


rc 























fuel Savers, pp. 18-19; 
Passive Design, pp. 
29-30. 








tuel Savers, pp. 20-21. 





ECM-1, p. 171. 
Fuel Savers, pp. 22-23. 





Fuel Savers, pp. 26-27; 
Passive Design, pp. 
7.6-7.7. 








Fuel Savers, pp. 28-31, 
42-43; Passive Design, 
wP- 3.2-3. 3. 








Passive Design, p. 6.9 





Fuel Savers, pp. 24-25; 








Window Design, pp. 1.15- 
1.20. 


Passive Design, pp. 
7,.8-7.10,. 
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POTENTIAI BUILDING MEASURES 





| Preliminary Assess. Walkthrough Assess. 





Technical 


Appli- "w/a Need Reference 
cable T.A. 


| Poten- 
N/A tial 
Activity 


Measures In Place 
Planned 





2.5 
Reduce the heating effect of the sun in Plant a Tree, pp. 29-60, 
summer through landscaping. (An "x" 1086-276. 

| indicates that if prevailing wind 
direction is the same in summer and 
winter, the measure may increase the 
heating bill.) 











a) Erect permanent shading such as 
evergreen trees and shrubs, 
permanent fences. (xX) F 


b) Erect seasonal shading such as 
deciduous trees, arbors, temporary 
fences. I! 


3. VENTILATION 


3.1 
Reduce ventilation rates. | 


a) Reduce exhaust air quantities. (T) F ECM-1, pp. 113-115, 167- 
168; ECM-2, p. 153; 
Survey Manual, pp. so 0 














b) Install new dampers to limit outdoor ECiM-2, p. 72. 


air intake. (T) F 


c) Reduce or eliminate the need for ECM-2, pp. 72-74. 
uSing outdoor air for odor control 
by installing chemical or activated 
charcoal odor absorbing devices. (T) F 
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POTENTIAL SUILDING MEASURES 





Preliminary Assess. Walkthrough Assess. 





- Technical 
Measures In Place — Appli- Need Reference 


N/A | tial N/A 
Planned Activity cable T.A. 





ad) If number of buildin; occupants 
varies widely, install remotely 
adjustable outside air dampers to 
permit air volume to be adjusted 
in proportion to occupancy. (T) F 


e) Turn off all non-critical exhaust 
fans. (T) F 


3.2 
Limit ventiiation schedule. 


a) Establish a ventilation schedule 
sO exhaust system operates only 
when it is needed. 





Lb) Close outdoor air dampers during 
first and last hour of occupancy i 
| when air must be heated or cooled. I ) 


c) Use exhaust hoods in kitchens only ECM-2, pp. 74-75. 
while cooking is underway. If 
exhaust hood is oversized, adjust 
it to reduce volume. Use separate 
make up air supply for exhaust. 4 








d) Cut off direct outdoor air supply 
to toilet rooms and permit air 
from other areas to migrate into 
restrooms through door grilles 
and be exhausted. (T) F 
































—- 
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POTENTIAL BUILDING MEASUR®S 





Preliminary Assess. 


Poten- 


w/a | tial 
Activity 


| walkthrough Assess. 





Technica) 


Appli- _ Need Reference 
cable T.A. 





Measures In Place 
[taanncd 


1 
| 


e) Shut down the ventilation system /ECH-1, p. 112. 
when the building is closed for 
an extended period, I! 











3.3 
Install] devices to permit enercy con- 
servatior 











fror blowing directly into air 
intake. (T) + 








—_ 
—— 


a) Install baffles to prevent wind | | 
| 


b) Use high efficiency, low cost 
filters and create a regular 
replacement schedule. (T) F 











c) Install economizer enthalpy controls 
to air handling units to minimize 
cooling energy required. {T) F 


’ 
' 
i 
' 
' 





) 
d) When vent lation rate is over | \DCM-2, pp. 232-234. 
10,000 CFI, and when building | 
configuration permits, install heat | | 
recovery Gevices such as a rotary | 


heax exchanger or enthalpy wheel. (Ty) 
F 
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POTENTIAL BUILDING MEASURES 























Preliminary Assess. | walkthrough Assess. 
Technical 
Poten- . 
Measures In Place N/A po Appli- N/A Need Reference 
Planned Activity cable T.A. 
4. LIGHTING 
4.1 
Maintain lighting system properly. 
a) Clean lamps regularly. I ECM-2, p. 251; ECt-1, 
p. 243. 
b) Check light output regularly with 
a calibrated light meter (efficiency 
deteriorates over the life -f a 
lamp). (T) F 
c) When output of a group of lamps 
falls to 70% of original, relamp 
all fixtures in the group. H 
dad) Ciéan reflec’ ing surfaces and LCM-2, pp. 251, 253. 
shielding of light fixtures 
regularly. (I 
e) Replace lens shielding that has 
yellowed or beccme hazy with clear 


nen-yellowing acrylic. UH 


f) Clean ceilings, walls, and floors 
to improve reflective qualities. I 


ECH-1, p. 240. 


g) Wash windows regularly to increase 
natural illumination. 


4.2 
Reduce illumination levels through 
modification of lamps (bulbs or tubes). 
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WORKSHEET 1 
POTZNTIAL BUILDING MEAS'RES 
Preliminary Assess. Walkthrough Assess. 
- Technical 
Measures In Place N/A py kin n/a Need Re ference 
Planned Activity cable T.A. 

a) Conduct an illumination level survey. ECM-l1, pp. 233-238; 
Compare existing levels to standards TEM,pp. 32-33. 
to identify areas where levels may 
be reduced. (T) F 

b) Replace present lamps with those ECM-1, pp. 236-238; 
of lower wattage. [! TEM, p. 25. 

c) Remove unnecessary lamps. (When ECM-1, pp. 247-250; 
lamps are removed from a fluorescent Survey Manual, pp. 60-6 
fixture, all lamps controlled by a 
given ballast should be removed.) | 

ad) Replace existing lamps with more ECM-1, pp. 251-253; 
efficient ones (more lumens per TEM, p. 33. 
watt). (T) | 

4.3 

Reduce illumination requirements by 

changing the placement and configura- 

tion of light fixtures. 

a) Relocate lights to provide more ECM-2, pp. 273-275; 
direct illumination on work areas Survey Manual, pg. 67 
and reduce overall illumination 
levels. (T) H 

b) Replace outdated or damaged fixtures ECM-2, pp. 268-269. 
with more efficient ones. 4H 

c) Replace incandescent lights with ECM-2, pp. 273-274. 
fluorescent fixtures. H 
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Measures 


Preliminary Assess. 


Walkthrough Assess. 





In Place 
Planned 


N/A 


Poten- 
tial 
Activity 


Appli- 
cable 


N/A 


Need 
T.A. 


Technical . 
Reference 





d) 


e) 


f) 


b) 


c) 


a) 


e) 


f) 





Lower fixtures so they will provide 
needed illumination levels on work 
areas at reduced wattage. H 


Install lenses which provide special 
light distribution patterns to 
increase lighting effectiveness. (T)H 
Use natural lighting to supplement 

or replace artificial illumination. I 


4.4 

Increase control of illumination 
levels. 

a) Use fluorescent fixtures with 


multiple level ballasts. UH 


Install dimmers on incandescent 
fixtures. H 


Provide selective switching 
instead of central panel boards 
for large areas of lights. (T) F 


Increase local control of lighting. H 


Monitor lighting use in remote 
areas at central stations. (T) F 


Install photocell switching to 
turn off banks of lights when 
natural daylight is sufficient. H 























LCM-2, pp. 272-273; 
Survey Manual, p. 68. 





ECM-2, pp. 252-259. 


LCM-1, p. 240; Window 


Design, pp. 5.1-5.6, 
6.1-€.16. 





BCM-2, p. 276. 


ECM-2, pp. 273-274. 


BCM-2, pp. 259-260. 


BCM-2, pp. 259-260. 
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POTENTIAL BUILDING MEASURES 
Preliminary Assess. Walkthrough Assess. 
- Technical 
Measures In Place 7. Appli- Need Re ference 
Planned n/a -_ cable n/a T.A. 
Activity 
g) Use time clock controls for those ECM-2, pp. 259-260. 
areas of a building which are used 
infrequently or for brief periods 
of time. H 
4.5 
Reduce energy requirements for outdoor 
lighting. 
a) Reduce illumination levels by 
reducing the number of lights in 
operation and/or using lower 
wattage lamps. I 
b) Reduce or eliminate use of signs 
and decorations requiring 
illumination. I 
c) Cut down on the hours of operation 
of outdoor lights. |! 
d) Use photocell or time clock controls 
for outdoor lights. H 
e) Switch to more efficient types of Street Lighting, pp. 
lighting. H 34-36. 
f) Keep fixtures clean. | 
5. DOMESTIC HOT AND COLD WATER 
5. l 
Maintain systems properly. (See Water 
Conservation Section for additional 
measures.) | 
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POTENTIAL BUILDING MEASURES 

















Preliminary Assess. Walkthrough Assess. 
- Technical 
Measures In Place " o—~ Appli- " Need Reference 
| Plannea | “/* ,| cable | "/* | ta, 
| Activity 
a) Test hot water controls to determine 
| if they are working properly. (T) F 
b) Regulate, repair, or replace 
defective controls. (7) F 
c) Inspect and repair insulation on 
tanks and pipes regularly. |! 
5.2 
Reduce heat losses in hot water system. 
| a) Insulate hot water storage tanks. | BPCM-2, p. 116. 
b) Insulate hot water pipes. |! LCM-2, pp. 115-116. 
c) Relocate water heater as close to 
the point of use as possible to 
reduce quantity of water stored 
in pipes. (T) F 
5.3 
Use hot water system more efficiently. 
(See Water Conservation Section for 
additional measures.) 





a) If hot water is distributed through 
forced circulation, turn off pump | 
when building is unoccupied. (T) Ff 


b) Limit duty cycle on electric water 
heaters to avoid adding to periods 
of peak electrical demand. (T) F 
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Preliminary Assess. Walkthrough Assess. 
Technical 


Measures In Place yeuen= Appli- Need Reference 


N/A | tial N/A 
Planned Activity cable T.A. 








c) If cooking facilities are used only 
on occasion, deactivate hot water 
system when not in use. I! 


G) Reduce hot water temperature to ECM-1, pp. 144-149; 
90°-100° F. Use higher temperatures ECM-2, p. 117. 
locally for kitchens, and other 
areas where it is needed. (T) F 


e) Use waste heat from other processes ECM-2, p. 123. 
to preheat hot water. (T) F 


>.4 
Install more efficient water heating 


equipment. 


a) Install separate boiler for summer ECM-2, p. 117. 
generation of hot water. (T) F 


b) Replace central system with local ECM-2, pp. 117-120; 
heating units such as hot gas Food Service, pp. 61-62, 
exchangers, hot drain exchangers, 
and — condensate heat exchangers. 
(T) 














6. WVAC SYSTEM OPERATION 


-_—— 


6.1 ' 
Curtail heating operations. | 


a) Preheat building so it achieves 
65° F (or 5° F below normal daytime 
temperature) by the time people 
arrive, and finish warm-up during 
the first hour of occupancy. | 
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Preliminary Assess. Walkthrough Asses. 


Poten- 


N/A | tial 
Activity 





Technical 


Appli- wn | Need Reference 
cable =«T.A. 


- 
” 


Measures In Place 
Planned 





b) Turn heat of during last hour of 
occupancy. I 


c) Where sill height electric heaters 
are used, adjust thermostat so 
heat provided is just sufficient 
to prevent cold downdrafts from 
reaching the floor. I! 





@) Use portable heater. to supplement 
systen. 


6.2 
Curtail cooling operations. 





*) Begin precooling operations so | 
that the building is 5° below ' 
outside air temperature or 80° F, 
whichever is higher, by the tim 
people arrive, and finish cooldown 
during first hour of occupancy. ! 





b) Flusnm the building with cool ECM-1, p. 159. 
outdoor air at night. ! 


6.3 
Curtail humidification/dehumidi fication 
operations. 


4) Al.ow natural humidity varietions ECM-1, pp. 108-111. 
from 208-608 relative humidity. I 





b) Reduce relatiwe humidity levels in 
winter. I! 
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Preliminary Assess. Walkthrough Assess. 
—— Technical 
Measures In Place}. Appli- Need Re ference 
Planned N/A | tial cable n/a T.A 
Activity ain 
c) Allow relative humidity to increase 
in summer. I 
d) Turn off humidifiers when building 
is closed for extended periods 
except where eugipment requirements 
take precedence. I 
e) Reduce or eliminate humidification 
for halls, equipment rooms, 
lobbies, and laundry areas. |! 
7. HVAC SYSTEM MAINTENANCE 
7.1 ; 
Implement regular maintenance programs TEM, pp. 20-26; Survey 
for all of the wquipment listed below Manual, pp. 51-55. 


if it is contained in the building. 
‘these programs should include at a 
minimum the items listed on the 
Maintenance Checklist, pp. B-57-73. (T) 
a) Refrigeration Equipment F 

b) Heating Equipment F 


c) Wumidification and Dehumidification 
Equipment F 


d) Air Handling Equipment F 


e) Prime Movers - Motors, Engines, 
Yurbines F 
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N/A 
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T.A. 


Technical 
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f) Fans and Pumps fF 

g) Hot and Chilled Water Piping fF 
h) Steam Piping F 

i) Pneumatic Air Compressor F 


7.2 

Have your heating and cooling systems 
tested and balanced. Steps which can 
then be taken to increase the efficiency 
of your HVAC system equipment are 
outlined on the HVAC System Modification 
Checklist, pp. B-74-77. (T) F 


HVAC DISTRIBUTION SYSTEM 


8.1 
Improve the energy efficiency of 
hydronic distribution systems. 


a) Install insulation on all hot and 
chilled water pipes, fittings and 
valves passing through unconditioned 
space to minimize heat losses and 
heat gains. F 


b) Reduce parasitic loads by insulating 
pipes in heated spaces. F 


c) Replace fine mesh strainer baskets 
with ones having the largest practi- 
cal openings to reduce pressure 


losses. (T) F 























TEM, pp. 26-28; Survey 
Manual, pp. 47-50; 
ECM-2, pp. 215-225. 


BCM-1, PP- 205-207; 
Survey Manual, pp. 15-17, 





ECM-2, pp. 77-85; 
ECM-1, pp. 205-208. 
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N/A 
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a) 


e) 


f) 


9) 


h) 


i) 


Remove orifice plates not recularly 
used for flow measurement. (T) fF 


Reduce resistance to flow in piping 
systems. The resistance to flow of 
any given piping system is the sum 
of the resistances of all its 
individual parts in the index 
circuit. Some of the parts cannot 
be easily modified, but others are 
candidates for reducing resistance. 
(T) F 


When the heating or cooling load is 
actually less than original design 
or is further reduced, the flow rate 
through the hot water or chilled 
water systems may be reduced in 
proportion, provided that the supply 
temperature set point is retained at 
its initial level. (T) F 


Balance hydronic systems to attain 
minimally satisfactory temperature 
and water flow. (T) Fr 


Trim impeller to actual size required 
on pump curve after terminal unit 
flows are reduced to the minimun. 


This will enable reductions of 
power requirements of actual load, (T) 
Fr 


Install flow measurement instrumen- 
tation where none now exists. 
(Factory-assembled pipe-mounted 























ECM-2, pp. 194-200. 


ECM-2, pp. 75-77. 


ECM-1, pp. 204-205. 
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N/A | tial N/A 
Planned Activity cable T.A. 





instrumentation can easily be cut 
into the system.) (T) F 


3) Check sizing of valves, filters 
and pipe sections. All those 
which are undersized should be 
replaced. (T) F 


k) Check all pipe fittings. Replace 
those which are inefficient. (T) F 


1) Consider adding a parallel smll- 
GMP pump to handle heating load 
for dual temperature changeover 
systems. (T) fF 


m) Consider adding a variable speed 
drive. Although this will conserve 
energy, it will limit the pump‘s 
ability to handle flow to the 
farthest terminal units. (T) F 


8.2 
Improve the energy efficiency of steam 
distribution systems. 


a) Install insulation on all mains, Survey Manuel, pp. 2l- 
risers, and branches, economizers, 23. 
water heaters, and condensate 
receiver tanks where none now exists. 
F 

b) Add additional shut-off valves for 
more efficient zone control. (T) F 





c) Install recorder pressure gauges 
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N/A 
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d) 


8.3 


a) 


b) 


c) 





Improve the energy efficiency of air 
distribution systems. 


and thermometers where none now 
exists to enable continual monitoring 
of the system. (T) F 


Modify equipment as rmccessary to 
recover heat now going to the 

sewer. Such reclaimed heat can be 
used to heat a portion of the 
building or to preheat water being 
supplied to the domestic hot water 
pomuaa or be returned to the boilers. 
(T) 


Install and/or replace steam 
traps. (T) 


Test, adjust and balance entire air 
distribution system in accordance 
with methodology suggested in the 
1973 ASHRAE Handbook and Product 
Guide. (T) F 





Insulate all ductwork carrying 
conditioned air through unoccupied 
spaces with at least 14” of fibrous 
insulation or its thermal equivalent. 


Reduce system resistance to air flow 
to a minimum by replacing those duct 
sections and fittings which impose 




















jurvey Manual, rp. 24-25; 





lecn-2, pp. 201-210. 
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Preliminary Assess. Walkthrough Assess. 





7 Technical 
Measures In Place woven Appli- Need Re fcrence 


N/A | tial N/A 
Planned Activity cable T.A. 





unnecessary resistance on the system; 
replacing dirty filters with 
adequately sized filter media which 
has high efficiency and low air 
flow resistance; removal of 
unnecessary dampers and other 
obstructions from ductwork and 
replacing high resistance inlets 
and outlets with modern grilles and 
diffusers providing low resistance. 
(T) F 


qd) If air veclume has been decreased to ECM-1, pp. 197-202; 
effect emrgy savings, determine ECM-2, pp. 210-211. 
resulting load on the fan motor. 
If it is less than 808 of name 
plate rating, consider replacing 
motor with a smaller one. (T) fF 


@) Relocate air outlets or rearrange 
ductwork so that air entering the 
space does not first come into 
contact with hot surfaces. (T) fF 


9. HVAC CONTROL, ADJUSTMENT AND MODIFICATION 


9.1 
Inspect and test HVAC controls 
periodically. (T) 


a) Adjust controls whenever you test 
and balance the heating and cooling 
system. (T) F 
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b) 


c) 


3) 


a) 


c) 





9.2 

Adjust controls to permit energy 
conservation in heating and cooling 
systems. 


Check and correct operation of 
entire HVAC control systen, 
including control valves and 


dampers. (T) F 


Check control system for instrument 
calibration, and set point, actuator 
travel and action, and proper 
sequence of operation. (T) F 


Inspect and calibrate pressure 
controls on dual duct system to 
obtain minimum static pressure 
during low demand and less 
leakage. (T) F 


Relocate thermostats if they are 
in particularly warm or cold spots 
(on outside walls, near doors, in 
direct sunlight). (T) H 


Limit use of reheat to areas where 
humidity control is needed because 
of equipment requirements. (T) Ff 


Adjust controls to prevent 
Simultaneous Operation of heating 
and cooling systems. (tT) F 
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N/A | tial N/A 
Planned Activity cable T.A. 





ad) Adjust automatic timers to turn off 
or turn down heating and cooling 
systems during evenings, weekends, 
holidays, or other unoccupied 
periods. |! 


e) If a chilled water central plant is 
used for cooling, determine if the 
chisler can be shut down when 
outdoor temperature is below 50°. 
Add control valves and controllers 
which allow chilled water to flow 
from chillers to condenser water 
cooling tower to permit “free” 
cooling. (T) F 


9.3 

Install devices which improve your 
> ability to control the heating and 

cooling system. 


a) Install thermostats for all heating 
and cooling equipment. | 


b) Add controls to permit complete 
shutdown of air and water to 
unoccupied areas. [| 


c) Install key-lock plastic covers 
over thermostats to prevent 
building users from changing 
settings. I 


d) Install clock thermostats. [| Survey Manual, pp. 31-32 
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e) Install program clocks and manual 
overcall timers in control circuits 
to permit scheduled operation of 
fans, refrigeration equipment, heat- 
ing equipment, etc. (T) F 


f) Add time clocks on self-contained 
heating and cooling units for 
automatic shutoff. H 


g) Add a step controller to electric 
heating systems with resistance 
elements to permit staging. (T) F 


h) Use optimizing controls to operate 
equipment in most efficient modes. 
(T) F 


i) Investigate a central control system 
if the building is larger than 
200,000 square feet and has 
utility bills (electricity plus 
fuel) of $3,000 or sore per month. 
{T) F 


10. LLECTRIC POWER (T) 
10.1 


Conduct a load survey of the building's 
electrical system. (T) F 





10.2 
Reduce transformer losses, switchgear 


ee and use efficient transformers. 
(T) 























Survey Manval, p. 37. 





Survey Manual, pp. lll- 
114. 
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Poten- Technical 
Measures In Place N/A tial Appli- N/A Need Re ference 
Planned Activity cable T.A. 
10.3 
Institute a demand management program. ECM-2, pp. 296-297; 
(tT) F TEM, pp. 38-39. 
10.4 
Conduct a power factor survey and ECM-2, pp. 297-300. 
correct the power factor. (T) F TEM, PP. 39-40. 
10.5 
Reduce energy consumed by elevators and ECM-2, p. 301; TEM, pp. 
escalators. (T) F 35-36. 
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Use of Space 


Consider modifying hou.~s of work 
or changing schedules to .~‘uce 
hours of building operation. [| 


Coordinate scheduling of evening 
meetings or programs so that 
fewer buildings must be kept in 
operation. I 


Avoid placing desks, tables, and 
other work areas near cold 
surfaces such as uninsulated 
exterior walls in winter. I! 


Coordinate use of space to take 
advantage of heat in winter and 
light from the sun during the 
day. I 
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11.5 


11.6 


11.7 


11.8 


Where practical, place all heat 
producing equipment, such as 
duplicating machines, in one 
area to permit better control of 
heating and cooling. I 


If possible, have people who work 
after regular hours work in 
proximity to one another to 
reduce lighting, hearing, cooling, 
and ventilation requirements. | 


Schedule custodial work during 
the day. I 


Close off unused areas, and turn 
off heating and cooling to those 
areas. I 
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Heating, Cooling, and Ventilation 





12. 


12. 


12. 


Move furniture, vali hangings, or 
displays that obstruct air flow 
from supply and return air grilles 
and registers. I! 


Close all windows when building 
is being heated or cooled. Post 
a sign next to each window to 
remind staff. I 


Keep all outside docrs closed 

when not in use during the heating 
and cooling seasons. Post a sign 
on each door to remind staff and 
visitors. I! 


During the heating season close all 
drapes and blinds at night to 
reduce heat losses, and open them 
during the day when the sun is 
shining. I 
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12.5 During the cooling season, close 
drapes and blinds on sunny days 
to avoid the beat of direct 
sunlight. I 


12.6 Heat building to 68°F maximum or 
less when occupied, to 60°F 
| maximum when unoccupied in winter. I 


12.7 Cool building to 78°F when occupied, 
and do not use mechanical cooling 

' 

when unoccupied. I! 





12.% Reduce use of heating and cooling | 
systems in areas which are used | 
infrequently or for short periods 
of time. I 


12.9 Shut off all heating in garages, 
loading docks, and platform areas. | 
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om Activity 





12.10 Isolate storage room areas and 
maintain them at 60 F or lower 
in winter. I 


12.11 Reduce or eliminate heating in 
lobbies, corridors, and 
vestibules. I 


12.12 Turn off portable electric 
heaters and fans when not 
needed. ‘I! 


12.13 Turn on window and through-the- 
wall air conditioners or unit 
heaters only when needed, and 
turn them off when the area will 
be unoccupied for several 
hours. I 


12.14 Wear heavier clothing during the 
heating season and lighter 
clothing during the cooling 
season. [| 
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12.15 Concentrate smoking areas 
together so that they can be 
served by one exhaust fan. I 


13 Lighting 


13.1 Turn off lights when they are not 
needed - leaving a light burning 
even for a short time never saves 
electricity. I 


13.2 Post a sign next to each switch 
indicating which lights it 
controls to avoid trial and 
error. I 


13.3 Relocate work stations to take 
best advantage of existing 
lighting systems. jf 





13.4 If possible, group tasks which 
require the same levels of 
illumination together. I 
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13.5 


13.6 


13.7 


14, 


14.2 


Power Equipment 


Locate work stations which require 
the highest levels of illumination 
near windows. 


Use natural lighting to supplement 
artificial lighting, and arrange 
desks or tables so that daylight 
crosses the task perpendicular to 
the line of vision. 


Turn off lighted signs and displayq 
during unoccupied periods and 
perhaps during low traffic periods 
or altogether. 





Turn off electric typewriters, 
coffee pots, and calculators 





when not in use. 


Encourage staff and visitors to 
use stairways instead of elevators. 
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Poten- Technical 
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Planned Activity cable T.A. 
15. Kitchens 
15.1 Turn off food warmers when no 
food is being warmed. 
15.2 Avoid using hot or warm vater 
4 for dish scraping. 
15.3 Preheat ovens only for baked goods, 
and for minimum time necessary. 
15.4 Run dishwashers only when full. | 
15.5 Cook with lids on pots and kettles. : 
15.6 Use microwave ovens when they 
reduce power requirements. 
| 
15.7 Turn off frying tables, steam | 
tables, and coffee urns when not | 
in use. | | 
| 
| 
- i _ — 
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SAMPLE 


Worksheet Ii: Measures Evaluation 








Replace regular fluorescent 
lamps with energy savers 





Equal amount of Light 


1/6 





and install as 
present ones 
burn out 








Action Required Barriers to First 
Measures Potential Benefits for Implementation | Decision 
Imp lement at ion Point 
2.3 Relocate the through-the-wall Energy savings - unit Approval to make Unit will be Go on 
air conditioner in the adminis- will operate more alterations outside chiefs 
tration building from south to efficiently Move unit and office, noise 
north wall to take advantage of Cooler temperature repair south wall may bother him 
the shade and better humidity Move furniture at times 
control inside if needed 
Improve appearance 
by removing unit 
from front to back 
4.6 Isolate off-line chillers in Energy savings during Feasibility and ? Study 
cooling system for museum light cooling loads cost study by 
Increased comfort due air conditioning 
to increased effi- engineer 
ciency of chilled 
water pumps 
Energy savings Purchase lamps None Go on 











Worksheet Il: Measures Evaluation (Part I!) 














Cost Savings Payback Training Needs Motivation Problems 
(S and 8TUs) Perioc and Incentives 
$100 labor ? ? None Nome 


$150 materials 


Study cost - 
minimal 


$150 s70/yr. 2 yrs. hone None 
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REFRIG TICS SCUIPMENT 
MAINTEXAICE CHECKLIS 
\fsom Total Energy Management, pp- 5-2] 


Circuit ané Controls 














SaSpect Moisture-liguisc inéicator on se regular besis. if the color of 
the refrigerant inécicates “wet,” it means there is moisture in the sys- 
tem because it can cause improper operation or costly <amace. A corpe- 
tent mechanic should be called in to perform necessary séiustments and 
repairs immediately. Also, if there are bubbles in the refrigerant 
flow as seen through the moisture-liguid indicator, it my indicate 
that the system is low in refrigerant. ‘all in «a mechanic to add re- 
frigerant if necessary ané to inspect equipment for possible refricger- 
ant leakace. 


Use a leak Getects. to check for refrigerant and oil leaks around shaft 
seal, iight glasses, valve bommets, flanges, flare commections, relief 
valve on the condenser assem>ly anc at pi joints to equipment, vaives 
anc instrvmentation. 


snspect equipment for any visual changes such a8 O11 Spots on connec- 
tions or on the floor under equipment. 

Inspect the liquid line leaving the strainer. If it feels cooler than 
the liquid line entering the strainer, it is cloggec. if it is very 
badly clogged, sweat or frost may be visible at the strainer outiet. 
Clean as required. 


Observe the noise made by the system. Any unusual sounds could indicate 
aproblem. Determine cause and correct. 


Establish what normal operating pressures and temperatures for the syster 
should be. Check all gauges frequentiy to ensure that design conditions 
are being met. increased system pressure may be due to dirty condensers. 
which will decrease system efficiency. High discharge temperatures often 
are caused by defective or broken compressor valves. 

Inspect tension and alignment of all belts and ad‘ust as necessary. 


Where applicable, lubricate motor bearings and ail moving parts accord- 
ing to manufacturer's recommendations. 


inspect insulation on suction and liquid lines. RPepair as necessary. 
Provide controls to achieve the following: 
- raiee chilled water temperature to “follow the load” 


- faise supply air temperature to follow the iced 
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- permit relative humidity to rise in the conditioned air space 
- @ecrease the superheat on DX coil 


- fully load one compressor before starting the next refrigeration 
unit module 


- install a new smaller refrigerator when existing modules are sii 
oversized for light loads 


- repipe chillers in series 


Compressor 





@ Look for unusual compressor operation such as continucus running or 
frequent stopping and starting, either of which may indicate inefficient 
operation. Determine the cause and, if necessary, correct. 





@ Cbhserve <=ne noise mace Sy the compressor. If it seems to be excessively 
noisy, it may be a sign cf a loose drive coupiing or excessive vibration. 
sighten compressor anc motor on the base. “* noise persists, call a 
competent mechanic. 


@ Check all compressor joints for leakage. Seal as necessary. 


@ Inspect instrumentation frequently to ensure that operating oil pres- 
sure anc temperature agree with manufacturer's specifications. 


Air-Cooled Condenser 





e eep fan belt drive and motor properly aligned and lubricated. 


@ Inspect refrigeration piping connections to the condenser coil for 
tightness. Repair all leaks. 


@ Keep condenser coil face clean to permit proper air flow. 


@ Determine if hot air is being bypassed from the fan outlet to the coil 
inlet. If so, correct the problen. 


Lvaporative Condenser 





@ Inspect piping joints and seal all leaks. 


@ Remove all dirt from the coil surface by washing it dGown with high ve- 
locity water jets or a nylon brush. 


@ Inspect air inlet screen, spray nozzle or water distribution holes, and 
pump screen. Clean as necessary. 


@ Use water treatment techniques if local water supply leaves surface 
deposits on the coil. 





@ Follow guidelines for fan and pump maintenance. / 





ad 
IY 





oeare mir enr 
P Pac ste cc. asd 


: fe iad & b 











Watercoolec Cordens=2r 





itable brush and 
o is possible, 
“ 


rath clean water. Chemical cleaning a 
it is suggested that a water treatment c 


= ~ on } 7% = oak ; = 5 2° } => 
@ Clean concernser shell and tubes by sicabbins with a s 
w ] 





@ Perfo chemical analysis to determine if solid concentrations are beinz 


maintained at an acceptable level. 
@ Check overflow pipe clearance for proper operating water level. 


tor any unusual noise or vibration. Inspect 
condition of V-lelt. Align fan and motor as necessary. 


Sllow tuicelines for fan maintenance. 

@ Keep *ne tower clean to minimize both air and water pressure crop. 

@ Clean intake strainer. 

@ Determine if there is air bypass from tower outlet back to inlet. If 
so, bypass may be reduced through addition of baffles or higher dig- 


charge stecks. 


@ Inspect spray filled or distributed towers for proper nozzle perform 
ance. Clean nozzles as necessary. 


@ inspect gravity distributed tower for even water depth in distribution 
basins. 


effectiveness of any water treatment program which may be 


@ Replace air-cocled condensers by cooling towers. 


hillers 


@ Chillers must be «ept clean. Inspect on a regular basis. Clean as 
necessar-*. 


@® Insvect for evidence of clogging. A qualified mechanic shoulc be call 
in to service equipment in accordance with manufacturer's specificatio 


@ To increase chil er efficiency use low temperature condenser water. 
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Light cooling loaders on a multiple chiller installation are often met 
by circulating chilled water through all chillers even though only one 
chiller is operating. This not only wastes pump enersy by maintaining 
an unnecessarily high water flow rate through the system, but due to 
the bypass effect of off-line chillers, forces the remaining on-line 
chiller to produce chilled water at low temperatures to offset the mix- 
ing effect of the bypass. Under light loads, isolate the off-line 
chillers and reduce the chillec water flow rate. 


where existing centrifugal chillers are driven by steam turbines and 


the exhaust steam is condensed before being returned as feed water to 
the boiler, an absorption chiller can be substituted for the condensor 
to produce additional chilled water from the waste heat. 


Isolate off-line chillers. Light cooling loads on a multiple chiller 
installation often are met by circulating chilled water through all 
chillers even though only one chiller is operating. This wastes pump 
enersy by maintaining an unnecessarily high water flow rate through 

the system. It also forces the remaining on-line chiller to produce 
chilled water at low temperatures to offset the mixing effect of the 
bypass to meet the desired supply temperature and so causes the on-line 
chiller to operate at low evaporator temperatures (COP drops). Install 
isolating valves so off-line chillers can be isolated under light loads, 
thereby reducing chilled water flow rate. If multiple chilled water 
pumps are installed, shut off those that are unneeded. If multiple 
chilled water pumps are not installed, consider installing additional 
pumps or a multi-speed drive on the present pur. 


Absorption Equipment 





Clean strainers and seal tank on a regular basis. 
Lubricate flow valves on a regular -’ sis. 


Follow manufacturer's instructions for proper maintenance. 


Self-Contained Units. (Windows and through-the-wall units; heat pump, etc.) 





Clean evaporator and condenser coils. 

Keep air intake louvers, filters and controls clean. 

Keep air flow from units unrestricted. 

Caulk openings between unit and windows or wall frames. 

Check voltage. Full power voltage is essential for proper operation. 


Follow applicable guidelines suggested for compressor, air-cooled con- 
denser and fans. 
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HEATING EQUIPMENT 
MAINTENANCE CHECKLIST 
(from Total Energy Manacement, pp. 21-23) 


Boilers (General) 





Inspect boilers for scale deposits, accummulation of sediment or boiler 
compouncs on water sice surfaces. Rear portion of the boiler must be 
checkec because it is the area most susceptible to formation of scale. 
Scale reduces the efficiency of the boiler and possibly can lead to 
overheating of furnace, cracking of tube ends and other problezs. 


Fireside of the furnace and tubes must be inspected for deposits of 
soot, flyash and slag. Fireside refractory surface also must be ob- 
servec. Soot on tubes decreases heat transfer and lowers efficiency. 
(If your boiler does not now have one, consider installation of a 
thermometer in the vent outlet. It can save inspection time and often 
can prove to be more accurate than visual inspection alone.) If gas 
outlet temperature rises above normal, it can mean that tubes need 
cleaning. Evidence of heavy sooting in short periods could be a sis- 
nal of too much fuel and not enough air. Adjustment of the air/fuel 
ratio is required to obtain clean burning fire. 


Inspect door gaskets. Replace them if they do not provide a tight seal. 


Keep a daily log of pressure, temperature and other data obtained from 
instrumentation. This is the best method available to determine the 
need for tube and nozzle cleaning, pressure or linkage adjustments, 
and related measures. Variations from normal can be spotted quickly, 
enabling immediate action to avoid serious trouble. On an oil-fired 
unit, indications of problems include an oil pressure drop, which may 
indicate a plugced strainer, faulty regulating valve, or an air leak 
in the suction line. An oil temperature drop can indicate temperature 
control malfunction or a foulec heating element. On a gas-fired unit, 
a drop in gas pressure can indicate a drop in the gas supply pressure 
or malfunctioning regulator. 


Note firing rate when log entries are made. Realize that even a sharp 
rise in stack temperature does not necessarily mean poor combus*ion or 
fouled waterside or fireside. During load change, stack temperatures 
can vary as much as 100°F in five minutes. 


Inspect stacks. They should be free of haze. If not, it probably 
indicates that a burner adjustment is necessary. 


Add an automatic draft damper control to reduce heat loss when gas or 
oil burner is turned off. 


Inspect linkages periodically for tightness. Adjust when slippage 
or jerky movements are observed. 
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Observe the fire when the unit shcts down. If the fire does not cut 
off immeciately, it could indicate a faulty solenoid valve. Repair 
or replace as necessary. 


Inspect nozzles or cup of oil-fired units on a regular basis. Clean 
as necessary. 


Check burner firing period. If it’s improper, it could be a sign of 
faulty controls. 


Check boiler stack temperature. If it is tco high (more than 150°F 
above steam or water temperature) clean cubes and adiust fuel burner. 


Check analysis of the flue gas om a periodic basis. Check oxycen and 
carbon monoxice as well as carbon dioxide. Oxygen should be present 
to no more than 18 or 2%. There should be no carbon monoxide. For a 
gas-fired unit, CO. should be present at 9% or 10%. For #2 oil, 11.5- 
12.8%; for #6 oil, 13 to 13.W. 


Install flue gas analyzer to monitor combustion efficiency. 


The air-to-fuvel ratio must be maintained properly. If there is in- 
sufficient air, the fire will smoke, cause tubes to become covered with 
soot and carbon, and thus lower heat transfer efficiency. If too such 
air is used, unused air is heated by combustion and exhausted up the 
stack, wasting heat energy. Most fuel service companies will test your 
unit free of charge or for a token fee only. 


Inspect all boiler insulation, refractory, brickwork, and boiler casing 
for hot spots and air leaks. Repair and seal as necessary. 


Replace all obsolcte or little-used pressure vessels. 


Examine operating procedures when more than one boiler is involved. 
It is far better to operate one boiler at 90% capacity than two at 45% 
Capacity each. The more boilers used, the greater the heat loss. 


Light heating loads on a multiple boiler installation are cften met by 

one boiler on line with the remaining boilers idling on standby. Idling 
boilers consume energy to meet standby losses which can be further 
aggravated by a continuous induced flow of air through them into the 

stack and up the chimney. Unless a boiler is scheduled for imminent 

use to meet an expected increase in load, it should be secured and isolated 
from the heating system by closing valves and from the stack and chimey 


by closing dampers. 





Clean mineral cr corros‘on build-up on gas burners. 








(td 








BEST DOCUMENT AviLible 

















Imstall boiler stack ecomomizer. A Doiler stack economize, :5 a si*sle 
heat exchancer placed inside the exhaust stack which uses boiier feed 
water as the transfer mecium. Heat captured from the exhaust gases 
increases the temperature of the feec water distributed so the boiler. 
In past years this technique was limited to systems usins low or non- 
sulphur content fuels to avoid build-up caused when the economizer 
cooled exhaust gases to the sulphur Gew point. Newer systems overcome 
this problem by incorporating a solid-state control which keeps stack 
temperatures above the dew point. By controlling the volume of feed 
water passing through the transfer coils. 


Preheat o1l to increase efficiency. Preheating o11 can increase effi- 
ciency Sy as much as 3% depending on the particular constituents of 
the oil] involved. Heat required to attain complete atomization can 

be obtained through use of reclamation procecures discusse' 

below. Heating oil beyond 135°F for #4 oil, 165°F for #5, or 210°F 
for @6 will increase efficiency even more, excerpt care must be taken 
mot to overheat, which could cause vapor locking ané flame-out. 
Reconmenéations of the oil supplier shouls be foiicwed. 


Preheat combustion air to increase boiler efficiency. Preheating primary 
and secondary air increase boiler efficiency by reducing the cociing 
effect when the air enters the combustion chamber and by promoting more 
intimate mixing of fuel and air. It is estimated that each 100°F increase 
in combustion air temperature increases boiler efficiency by 2%. Com- 
bustion air can be preheated up to 600°F for prevalent fuels and up to 
350°F for stoker-fired coal oil and gas. The maximum temperature per- 
missable is cetermined by the type of construction involved and the 
materials of the firing equipment. Several sources of heat are avail- 
able to perform preheating. As an example, ambient air in most boiler 
rooms is heated incicently by boiler and pipe surfaces ané collect be- 

low the ceiling. This air can be utilized directly as preheatec cor- 
bustion air by ducting it down to the firing level and directing it 

into the primary and secondary air intakes. Other methods available involve 
recovering waste heat from boiler stacks, condensate, blowdown 

hot welis, and other sources. Manufacturer's recommendations 

should be followed in all cases. 


Peduce blowdown losses. Blowing down a boiler has two purposes: (1) to 
maintain a low concentration of dissolved and suspendec slices in the 
boiler water, and (2) to remove sludge in the boiler to avoid priming 

and carryover. There are two principal types of blowdown: intermittent 
manual blowdown and continunrus blowdown. Manual hlowdown (or sludge 
blowdown) is necessary whether or not continuous blowdown is installed, 
with frequency depending on the amount of solids in the boiler makeup 
water and the type of water treatment used. Continuous blowdown results 
in a steady energy drain because makeup water must be heated. in either 
case, blowdown energy losses can be minimized by installing automatic 
blowdown control and heat recovery systems. Autormtic blowdown controls 
monitor the conductivity and ¢ of the boiler water periodically and blow- 
down the boiler only when required to maintain acceptable water quality. 
Further savings can be realized if the blowdown water is piped through «a 
heat exchanger or a flash tank with a heat exchanger. In this way, for 
example, heat from the boiler blowdown flash tank can be used to feed re- 
heating feed water heaters. 
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@ @ Isolate off-line boilers. Licht heating loads on a multiple boiler in- 
stallation are often met by one boiler on line with the remainins 
boilers idling on stand-by. Idling boilers consume energy to meet 
Stanc-Sy losses. In many cases these losses are increased by a con- 
tinuous induced flow of air through the idling boilers, and up the 
chimmey. Unless a boiler is about to be used to meet an expected in- 
crease in load, it should be secured and isolated from the heating 
system (by closing valves) and from the stack and chimney (by closing 
campers). A large boiler can be fitted with by-pass valves and regu- 
lating orifice to allow the minimum flow required to keep it warm and 
avoic thermal stress when it is brought on-line again. If a boiler 
watersice is isolated, it is important to prevent back flow of cold 
air through the stack which could cause the boiler to freeze. 








@ Replace boilers at or near enc of useful life. A boiler at or near the 
end of its useful life should be replaced by a modern version which is 
matches to current and projected needs of the installation involved. 

im most cases new boilers on the market can obtain 80% efficiency. 

Even more efficiency can be gained by specifyinc multipie boilers and/or 
air-atomizing burners as appropriate. Replacement burners should be se- 
lectec on the basis of long-term cost rather than first cost. I:creased 
cost of fuel, labor and materials should be considered in developing 
long-term cost projections. Also consider installation of a dual-fuel 
system to avoid problems in the event of any shortages or curtailments. 





@ Peplace existing boilers with modular boilers. Most boilers achieve max- 
imum efficiency only when running at their rated output. In most cases, 
however, full boiler capacity is seldom required because heat load is 
60% less than full load 908% of the time. As a result, large capacity 
boilers in single units operate intermittently for the major part of the 
heating season. Although hi-low firing capabilities may reduce cycling, 
the boilers can only reach their design efficiency for short periods re- 
sulting in low seasonal efficiencies. A modular boiler system comprising 
two or more small capacity boiler units will increase seasonal efficiency. 
Each module is fired at 1008 of its capacity only when required. Fluctua- 
tions of load are met by firing more or less boilers. Each small capacity 
unit has low thermal inertia (providing rapid response and low heat-up 
ané cool-down losses) and either will be running at maximum efficiency 
or will be turned off. In a typical installation where single unit large 
capacity boilers are replaced by modular boilers, boiler seasonal 
efficiency may be improved from 68% to 75%. This represents a 9% 
savings of present fuel consumption. Use of the modular approach is 
particularly worthwhile in cases where the present boiler plant is at 
or near the end of its useful life. Replacement modular boilers should 
be sized to meet the reduced heating load resulting from implementation 
of other measures, 


Boilers (Fuel 0i)) 


@ Check and repair oil leaks at pump glands, valves, or relief valves. 


eee Ce eee 


@® Inspect oil line strainers. Replace if dirty. 
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Inspect oll heaters to ensure that oil temperatures are beins maintained 
according to manufacturer’; or oil supplier's recommendations. 


Convert from steam atomizing burners to air-atomizing Lurners. Steam-atom 
izing burners consume at least 1.5% of total capacity to atomize the fuel 
oil. By contrast, air-atomizing burners rely on a simple electrically driven 
air compressor which costs far less to operate. Accordingly, when an exist- 
ing steam-atomizing burner is at or near the end of its useful life, an air 
atomizing replacement should be consicered. In certain cases the savings 

to be obtained from an air-atomizing burner will warrant its installaticn 
prior to the scheduled replacement of the existing systen. 


Boilers (Coal-fired) 





Inspect coal-fired stokers, grates anc controls for efficient cperation. 
if ashes contain an excessive amount of unburned coal, it’s probably a 
sign of inefficient operation. 


voilers (Electric) 





inspect electrical contacts and working parts of relays and maintain 
gooe working order. 


a 
. 
» 


Check heater elements for cleanliness. Replace as necessary. 


Check controis for proper operation. Adjust as necessary. 


~entral Furnaces, Make-up Air Heaters anc Unit Heaters 





All heat exchanger surfaces should be kept clean. Check air-to-fuvel 
ratio anc adjust as necessary. 


Inspect burner couplings and linkages. Tighten and adjust as necessary. 
Inspect casing for air leaks anc seal as necessary. 
Inspect insulation and repair or replace as nécessary. 


Follow guidelines suggested for fan and motor maintenance. 


Radiators, Convectors, Baseboard and Finned-Tube Units 








Inspect for obstructions in front of the unit and remove whenever possible. 
Air movement in and out of convector unit must be unrestricted. 


Air will sometimes collect in the high points of hydronic units. It must, 
be vented to enable hot water to circulate freely throughout the system. 
Otherwise, the units will short cycle (go on and off quickly), wasting fvel. 


Heat transfer surfaces of radiators, convectors, baseboard and finned-tube 
units must be kec* clean for efficient operation. 
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| @ Keep heat transfer surfaces of all electric heating units clean and 
unobs tructed. 


@ Keep air movement in anc out of the units unobstructed. 


@ Inspect heating elements, controls and, as applicable, {ans on a periocic 
basis to ensure proper functioning. 


@ AS appropriate, check reflectors on infrared heaters for proper bean | 
Sirection and cleanliness. | 
’ 


@ Determine if electric heating equipment is operating at rates voltage 
as necessary. 
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@ Remove lint anc cust periccically from air dampers, fan parts, spray 
~ - - +. ~~ ~” -“~- * _- = 
chamber anc diffuser, controls starter, and eliminator. 


DOCK @Guipment for carry-over. Carry-over may 
eSting eliminator seal gap, altering damper position 
velocity. 


sucgestec for fan and motor maintenance. 
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AIR HANOLING EQUIPMENT 
MAINTENANCE CHECKLIST 


(from Total Enersy Management, p. 23) 
Inspect Guctwork for air leakage. Seal all leaks by taping or caulking. 
inspect Guctwork insulation. Pepair or replace as necessary. 
Utilize Guctwork access openings to check for any obstructions such as 
Loose hanging insulation (in lined éucts). loose turning vanes and 
accessories, anc close¢ fire dampers. Ad‘tust, repair or replace as 


necessary. 


Inspect Camper Slaces and linkages. Clean, oi] and ad*ust them on a 
regular besis. 


inspect air valves in dual duct mizing bomes co insure full seating 
anc minimum air leakage. 


inspect Mixing campers for proper operation. Adtust as necessary. 

Clean or replace air filters on a regular basis. 

inspect air heating, cooling and dehumidification coils for cleanli- 

ness. Coils can be kept clean by using a Mixture of detergent and 

water in a high pressure (500 psig) portable cleaning writ. 

Inspect for leakage around coils or owt of the casing. Seal all leaks. 
Inspect all room air outlets and inlets (diffusers, registers and grilles). 
they shoulé be kept clean and free of all dirt and obstructions. Clean 
anc remove obstructions as necessary. 

inspect air washers and evaporative air cooling equipment for proper 


Operation. Clean damper blades and linkages if so equipped. inspect 
nozzles and cler" 48 necessary. 


If electronic ¢ eaners are installed, check them regularly for ex- 
cessive accumu. .# On the ionizing and grounding plate section. 
Replace filter 1a if necessary. Follow manufacturer's written in- 


structions whercver adjustment or maintenance is required. 


Inspect humidifier/dehumidifier air dampers, fan parts, spray chamber, 
diffuser, controls, strainer and eliminator. All must be kept free of 
dirt, lint and other foreign particles. Clean eliminator whee! by di- 
recting a high pressure stream of water between blades. 


Adjust all VA\ (variable air volume) boxes so they operate precisely. 
this «ill prevent overheating or overcooling, both of which waste energy. 


Follow guigelines suggested for fan maintenance. 
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PRIME MOVE - MOTORS. SIGINES & TURBINES 
MAINTEVANCE CHECKLIST 
(fsom Total Energy Managemert, op. 23-24) 


Motors 

@ Check alignment of motor to equipment driven. Align and tighten as 
necessary. 

e Keep tors clean. 

@ Eliminate excessive vibrations. 

@ Lubricate motor and ive bearings on a regular basis. This will help 
recuce friction anc excessive torque which can result in overheating 
anc power losses. 

@ Replace worn bearings. 

@ Tighten belts anc pulleys to eliminate excessive losses. 

@ Check for overheating. It could be an indication of s functional pro- 
blem or iack of adequate ventilation. 

@ Balance three-phase power sources to motors. An imbalance can create 
inefficient motor operation and use of more enersy. 

@® Check for overvoltage or low voltage condition on motors. Correct as 
necessary. 

Engines 

@ Follow manufecturer’s recommended maintenance procedure. 

@ Check fuel consumption and compare with design fvel consumption. 

@ Recoré and check cooling water temperatures daily. If cooling water 
temperatures exceed manufacturer's recommendations, check temperature 
controls and correct as necessary. 

Turbines 

@ Follow manufacturer's recommended maintenance procedures. 

@ Daily record steam pressure and check speed. 

@ Regularly check oil level, packing leakage, governor, and throttie 
valve operation. 

¢ Record and check bearing temperatures. 

@ Record and check oil cooler temperatures. 

@ Weekly check vibrations. 
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iANS & PUMPS 
MAINTENANCE CHECKLIST 
if: Total Enersy Manasement, cs. 24) 





Fans 





@ Check for excessive smoise and vibration. X.*termine cause and correct 
as necessary. 


@ Keep fan bleces clean. 
@ Inspect anc lubricate bearings regularly. 


@ inspect ¢crive belts. Acj}ust or replace as necessary to ensure proper 
operation. Proper tensioning of belts is critical. 


) @ Inepect inlet discharge screens on fans. They showld be kept ‘free 
of Girt anc cebris at all times. 


@ inspect fans for ncimal operation. ) 


avoid excessive water wastage and shaft erosion. 


| 
' 
| Zampe 
| 
| 


' 
| 
@ Check for packing wear which can cause excessive leakage. Repack to | 
| 
' 
! 


) @ inspect bearings anc Grive belts for wear and binding. Adé*ust, repair 
| or replace as necessary. | 
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PRELMATIC AIR COMPRESSOR FOR CONTROLS 
MALINTESAMCE CHECKLIST 
(fsom Total Energy Marszement, p-. 25) 


Inspect all commections for air leaks using 8&8 Soap Solsticn. Seal as 


Mote operation. if compressor seems to rum excessively, it coulis > 
& sign of pressure loss at the controls or somewhere in the pipis 
system. Determine cause ané correct. 


Inepect air pressure in supply *ank anc pressure regulator ac) ustment 
in supply line for proper iimits. 


Check belt tension ené alignment. 


Inspect air compressor intake filter pecs anc clean or replace #* 
necessary. 


Lubricate electric motor bearings eccording to manufacturer's 
recommendcations. 








HOT & CHILLED WATER PIPING |  ] 
“MAINTENANCE CHECKLIST 
(from Total Energy Management, p. 24) 


snepect a1. controls. Test them ‘or proper operation. Ad*ust, repair 
or replace a6 necessary. Also check for leakage at Scints. 


check flow measurement instrumentation for accuracy. Ad‘ust, repair 
or replace as necessary. 


inspect insviation of hot and chilled water pipes. Fepair or replace 
as necessary. Be certain to repiace any ine#ulation daraged by water. 
Determine source of water leekace and correct. 


inspect strainers. Clean regulariy. 


in@pect heating and cooling heat exchangers. Large temperature 
Siftferences may be an indication of air binding, -'oe¢g¢ed strainers 
Or excessive amounts of scale Determine cause of condition and 
correct. 


inspect vents and remove ali clogs. “logged vents retard efficient 
air elimination and reduce efficiency of the syste. 
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STEAM PIPING 
MPINTENANCE CHECKLIST 


(from Total Energy Management, pp. 24-25) 


inspect insulation of all mains, risers and branches, economizers and 
concgensate receiver tanks. Repair or replace as necessary. 


Check automatic temperature-control system and related control valves 
and accessory equipment to ensure that they are regulating the system 
properly in the various zones - in terms of building heating needs, 
not system capacity. 


Inspect zone shut-off valves. All should be operable so steam soing 
into unoccupied spaces can be shut off. 


nspect steam craps. Their failure to operate correctly can have a 
gnificant impact on the overall efficiency and enersy consumption 

the system. Several different tests can be utilized to dete:mine 
perations. 


si 

of 

~ 

@ Listen to the trap to determine if it is opening and closing when it 
shoulé be. 


@ Feel the pipe on the downstream side of the trap. If it is excessively 
hot, the trap probably is passing steam. This can be caused by dirt in 
the trap, valve off stem, excessive steam pressure, or worn trap parts 
(especially valve anc seats). If it is moderately hot - as hot as a 
hot water pipe, for exemple - it probably is passing condensate, which 
it should do. If it’s cold, the trap is not workins at all. 


@ Check back pressure on downstream side. 


@ Measure temperature of return lines with a surface pyrometer. Measure 
temperature Crop across the trap. Lack of drop indicates steam blow- 
through. Excessive drop indicates that the trap is not passing con- 
Gensate. Adciust, repair or replace all faulty traps. 


Inspect all pressure-reducing and regulating valves and related 
equipment. Adjust, repair or replace as necessary. 


Inspect condensate tank vents. Plumes of steam are an indic: tion of 
one or more defective traps. Determine which traps are defective and 
adjust, repair, or replace as necessary. 


check accuracy of recording pressure gauges and thermometers. 


Inspect pump for satisfactory Operation, looking particularly for 
leakage at the pack.ng glands. 


Correct sluggish or uneven circulation of steam. it usually is caused 
by inadequate drainage, improper venting, inadequate piping, or faulty 
traps and other accessory equipment. 
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HVAC SYSTEM MCDIFICATION CHECKLIST 
(from Total Energy Management, op. 2- 28) 


Single Zone System 





A zone is an area or group of areas in a building which experiences similar 
amounts of heat gain and heat loss. A single zone system is one which pro- 
vides heating and cooling tc one zone controlled by the zone thermostat. 
The unit may be instaliec within or remote from the space it serves, either 
with or without air distribution ductvork. 


i. 


aii. 


In some systems air volume may be reduced to minimum required, there- 
fore, reducing fan power input requirements. Fan brake horsepower 
varies dGirectly with the cube of air volume. Thus, for example, a 10% 
reéuction in air volume will permit a reduction in fan power input by 
about 27% of original. This modification will limit the degree to 
which the zone serviced can be heated or cooled as compared to current 
Capabilities. 


Raise supply air temperatures during the cooling season and re“uce them 
Guring the heating season. This procedure reduces the amount of heating 
and cooling which a system must provide, but, as with air volume re- 
duction, limits heating and cooling capabilities. 


Use the cooling coil for both heating and cooling by modifying the 
piping. This will enable removal of the heating coil, which provides 
energy savings in two ways. First, air flow resistance of the entire 
system is reduced so that air volume requirements can be met by lowered 
fan speeds. Second, system heat losses are reduced because surface area 
of cooling coils is much larger than that of heating coils, thus enabling 
lower water temperature requirements. Heating coil removal is not 
recommended if humidity control is critical in the zone servicec and 
alternative humidity control measures will not suffice. 


“Multizone System 





A multizone system heats and cools several zones ~- each with different load 
requirements - from a single, central unit. A thermostat in each zone controls 
dampers at the unit which mixes the hot and cold air to meet the varying load 
requirements of the zone involved. 


Ae 


ai. 


Reduce hot deck temperatures and increase cold deck temperatures. White 
this will lower energy consumption, it also will reduce the system's 
heating and cooling capabilities as compared to current capabilities. 


Consider installing demand reset controls which will regulate hot anc 
cold deck temperatures according to demand. When properly installed, 
and with all hot deck or cold deck dampers partially closed, the control 
will reduce hot and raise cold deck temperature progressively until one 
or more zone dampers is fully open. 
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131. Consider converting systems servicing interior zones to variable volume. 
Conversion is performed by blacking off the hot deck, removine or dis- 
connecting mixing Gampers, and adding low pressure variabie volume ter- 
minals and pressure bypass. 


Terminal Reheat System 





The terminal reheat system essentially is a modification of a single-zone 
system which provides a high degree of temperature and humidity control. 

Tae central heating/cooling unit provides air at a given temperature to all 
zones serveac by the system. Secondary terminal heaters then reheat air to 
a temperature compatible with the load recuirements of the specific space 
involved. Obviously, the high degree of control provided by this system 
requires an excessive amount of energy. 


i. Reduce air volume of single zone units. 


ii. If close temperature and humidity control must be maintained for equip- 
ment purpores, lower water temperature and reduce flow to reheat coils. 
This still will permit control, but will limit the system's heating 
capabilities somewhat. 


iii. If close temperature and humidity control are not required, convert 
the system to variable volume by adding variable volume valves and 
eliminating terminal heaters. e 


Variable Air Volume System 





A variable volume system provides heated or cooled air at a constant temper- 
ature to'all zonec served. VAV boxes located in each zone or in each space 
adjust the quantity of air reaching each zone or space depending on its ioad 
recguirements. 





i. Reduce the volume of air handled by the system to that point which is 
minimally satisfactory. 


ii. Lower hot water temperature and raise chilled water temperature in 
accordance with space requirements. 


iii. Lower air supply temperature to that point which will result in the 
VAV box serving the space with the most extreme loa’ being fully open. | 


iv. Consider installing static pressure controls for more effective regu- 
lation of pressure bypass (inlet) dampers. 


Consider installing fan inlet damper control systers if none now exist. 


-onstant Volume System 











| Most constant volume systems either are part of another system - typicaliy 
| dual duct systems - or serve to provide precise air supply at a constant 
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© i. Letermine the minimum amount of airflow whicr is satisfactory and re- 
set the constant volume device accordingly. 


li. Investigate the possibility of converting the system to variable 
(step controlled) constant volume operation by adding the necessary 
controls. 


Induction Systems 








Induction systems comprise an air handling unit which supplies heated or 
cooled primary air at high pressure to induction units located on the out- 
side walls of each space served. The hich pressure primary air is discharged 
within the unit through nozzles inducing room air through a cooling or heat- 
ing coil in the unit. The resultant mixture of primary air and induced air 
is discharged to the room at a temperature dependent upon the cooling and 
heating load of the space. 


2. Set primary air volume to original design values when adjusting and 
balancing work is performed. 


ii. Inspect nozzles. If metal nozzles, common on most older models, are 
installed, determine if the orifices have become enlarged from years of 
Cleaning. If so, chances are that the volume/pressure relationship 
of the system has been altered. As a result, the present volume of 
primary air and the appropriate nozzle pressure required must be de- 

termined. Once done, rebalance the primary air system to the new 

© nozzle pressures and adjust individual induction units to maintain 

air flow temperature. Also, inspect nozzles for cleanliness. Clogged 
nozzles provide higher resistance to air flow, thus wasting energy. 


iii. Set induction heating and cooling schedules to minimally acceptable 
levels. 


iv. Reduce secondary water temperatures during the heat.ng season. 


v. Reduce secondery water flow during maximum heating aid cooling periods 
by pump throttling or, for dual-pump systems, by operating one pump only. 


vi. Consider manual setting of primary air temperature for heating, instead 
of automatic reset by outdoor or solar controllers. 


Dual-duct System 





The central unit of a dual-duct system provides both heated and cooled air, 
each at a constant temperature. Each space is served by two ducts, one carry- 
ing hot air, the other carrying cold air. The ducts feed into a mixing box 

in each space which, by means of dampers, mixes the hot and cold air to 
achieve that air temperature required to meet load conditions in the space or 
zone involved. | 








i. Lower hot deck temperature and raise cold deck temperature. 


© ii. Reduce air flow to all boxes to minimally acceptable level. | 
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iii. When no cooling loads are present, close o 
the cooling system. Reset hot deck accordi ins loacs and 
operate as a sincl Sct system. When no heating loacs are presen 
foliew the same procecure for heating ducts and hot ¢eck. It shou 
be noted that operating a cual-duct system as a single duct syster 


recuces air flow, resulting in increased energy savincs through lowered 


fan speed requirements. 


Fan Coil System 





A fan coil system usually comprises several fan coi 
consists of a fan and a heating and/or cocling coil. The individual un 
can be located either in or remote from the space or zone being served. 
i. Recuce air flow to minimally satisfactory levels. 


ii. Balance water flows to minimally satisfactory levels. 


tii. When heating anc cocling loads are minimal, shut off fans so 
enabling the coil to act as a convector. 


iv. Consider installing interlocks between the heating anc cooling 
systems of each unit to prevent simultaneous heating and cooling. 


. 
-* 
- 
~ 


v. Consider face zoning two-pipe systems from four-pipe central system 


to avoid changeover losses. 


Self-contained Systems 





i. If multiple units are involved, consider installation of centraliz 
automatic shut-off and manual override controls. 


£f units are relatively old, consider replacing them with more 
efficient air-to-air heat pumps or similar units havin h 
eguivalent efficiency rating. 
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Energy Conservation in Building Design, Wash., DC: The American Institute 
of Architects Research Corporation, 1978. 


This report discusses some of the ways architects can save energy in 
their building designs, although others in related professions con- 
cerned with energy conservation will find much useful information. 


One section is on physical design alternatives and outlines areas of 
the building process where energy savings may be achieved and trade- 
offs that need to be considered. The areas of the building process 
are: site analysis; building orientation: configuration; envelope ; 
space planning; transportation; ventilation; heating; cooling; elec- 
tric power; lighting; domestic hot water; and waste management. 
Another section looks at alternative sources of power. The appendix 
includes energy flow diagrams and case studies Lllustrations 
complement the very readable text. 





Energy Management in Municipal Street atu ing. Boston, MA: Massachusetts 
partment of Community Affairs, 





While most of this information is specific to Massachusetts’ munici- 
palities, some information can apply to a wider audience. A general 
discussion on evaluating one’s lighting system is followed up with a 
description of four outdoor Lighting categories -- commercial, 
arterial, high safety, and residential. The lighting needs and IES 
standards are indicated for each category. 


Also of interest in this publication are chapters on “The Basics of 
Good Lighting” and “Lighting Technology.” These chapters enable the 
rea‘er to analyse one's lighting system in relation to lighting needs 
and current technology. 


Energy Survey Manual, Wash., DC: Dept. of the Interior, 1977. 





This manual was written to provide DOI field personnel with informa- 
tion on how to conduct energy surveys. An overall methodology to 
conduct broad energy surveys and identify cost effective retrofit 
opportunities is presented, along with an inspection procedure check- 
list. HVAC systems are described including options for retrofit, and 
energy audit procedures. Retrofit options are also described for 
lighting and domestic hot water systems, followed by a brief diecus- 
sion of the effects of the building envelope on all systems. Sveteme 
Controls monitoring devices are presented as energy management 
systems. 
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@ Appendices include building forms, survey tables presenting climate 
data, lighting lewels, ventilation air requirements, as well as check- 
lists, a glossary and bibliography. 











Guide to Energy Conserwation for Food Service, Wash., DC: FEA, 1977, 
vz PP. 


Excellent “How to” procedures for saving energy are offered for food 
service operators. 


Food Preparation and Storage focuses on efficient operation and 
maintenance of cooking equipment. The major pieces of energy- 
consuming equipment considered are rangetops, griddles, broilers, 
ovens, fryers, steamers, refrigerators, and freezers. 


Lighting contains directions on how to conduct a lighting survey that 
will accurately determine where energy savings can be made and how .o 
maintain the most efficient lighting systems. 


HVAC first describes the operation of heating, ventilating, and air 
conditioning (HVAC) systems. It then provides tips on operation and 
maintenance that will reduce energy use. 


Sanitation explains how to save energy in dishwashing and water heat~ 
 ] ing processes. Operational procedures and simple maintenance tasks 
are included, 


The appendix provides worksheets which can be used to determine energy 
savings. 


The format of each section emphasizes operation, maintenance and 
planning. The guide is nontechnical and presents only guidelines to 
follow in managing energy use. An energy usage chart is inserted on 
which you can track monthly STU and dollar costs. 


Guidelines for Saving Energy in Existing Buildingse--Building Owners and 
— Manua ; «>» D.C.t rey of . 
PP. 


This manual is designed to be used by building owners, managers, 
operators and occupants. It presents a set of guidelines to reduce 
energy waste in existing buildings through changes in the operation of 
mechanical and electrical equipment. While much of the emphasis is on 
those buildings that are in use relatively few hours per week, such as 
offices, schools and religious buildings, the principles of energy 
conservation discussed are applicable for other types of buildings as 
well. 
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Comments: At first glance this manual would appear to be too tech- Yd] 
nical tor the average building owner, operator or occupant. Experi- 

ence in reading and using tables, graphs and charts is definitely 

required, but a study of any portion of the Manual will show that the 

explanations and examples are fully explained and siaply presented. 

An important feature of the Manual is that it is usable cc vwwhere in 

the United States. Furthermore, the data tables permit consideration 

of most variables that are likely to be encountered. 








In the Bank...Or Up The Chimney’, Wash., DC: Dept. of Housing and Urban 
Deve lopment , OTT 13 Pp. 


A manual of safe and cost-saving energy conservation techniques for 
the hameowner is organized into four partes: 


1. A Quick Look at Your Home gives several easy-to-follow tips that 
will cedece feel consumption and waste without sajor investment. 


2. A Closer Look at Your Home gives 4 more individualized approach to 
home energy savings. The best and least expensive methods of 
retrofitting a house are suggested bw first determining exactly 
what each house needs. 


3. How to Do It gives step-by-step directions for installing energy 
saving materials. In addition, it gives general information on ©} 
how to find a good contractor to do the work. 


6. More...on how to save heating and cooling energy and...coming soon 
for your home gives siapler energy-saving tips and briefly 
describes sun and wind energy and waste heat recovery. 


The simple language, easy-to-follow graphics and step-by-step instal~- 
lation inetructions make it a weeful guide for hame owners. 








Landscape Planning for Energy Conservation, Gary Robinette (ed.), 

| Fe lesa al Design Press, Reston, Virgimia, C. 1977. 
Fepeciallw heloeful to the site planner, this book aleo contains intor- 
mation that can help the maintenance and operations staff improve or 


change the landscaping to conserve energy. 


The firet siaxty pages diecuss climate, ite tmportance for haan 


comfort, and the satural means by which it te modified. Satura!l 
elewentse which alter the effecie of gross climatic conditions are: 
@ Land forme - Mountains, Hille, ete., can change temperature, 


precipitation, and wind patterns. 

















© @ Vegetation - Trees, shrubs, and grass can influence 
temperature, wind flow, and humidity. 





@ The insulating effect of water bodies is also briefly 
diecussed. 


The second asjor topic is “Site Analysis,” occupying another third of 
the text. The final section, “Case Studies,” contains examples of 
successful landscape planning im each of the fiwe different climatic 
regions of the U.S. Although organizational structure and layout 
create some confusion, many good diagrams are contained in this 
volume, clearly illestrating such topics as windbreaks and solar 
radiation control. 


Ineulating the Old Howse, Sally &. Mieleen. Portland, ME: Greater 
ortliand Landmarks, Imc., C. 1977. 





Written for the homeowner, this handbook resulted from the findings of 
a workshop, “Insulating the Old Howse,” held in Maine in October 1977. 
Heat lowes is addressed as it relates specificallw to early Sew England 
éwellinges. The focews is on those characteristics peceliar to these 
howses, euch as their inherent emergy efficiency (due te siting, ease~ 
img, etc.), their adaptability to modern standards of comfort and 
efficiency, and the importance of preserving the inteer.ty of the old 
@ building as an historical structure. 


The bulk of this handbook presents technical information and analysis 
of typical problem areas in the old howse. Housing types are dia- 
gtameed,. conditions for malysise are outlined, and percentage of heat 
loss throwgh sajor building components is estimated, giving the reader 
a rough idea of were improvement would be gost cost-effective. A 
gereral owerview of alternative solutions is then presented in the 
final section of the book, alone with @ brief diecus*ion of insets) ling 
insulation and eliminating scisture problems. 





Passive Design Ideas for the Ener Conecious Architect, National Selar 
Heating and Cooling Information Center. Rockville, “Dp. 
This publication for architects and wlanners stresses energy CONSCIOUS 
design, oF incorporating passive design ideas and using solar energy 
throweh pesesive svetewms in ite planning, desien, conetruction, and 
use. Building location siting, oriertation, configuration, layout, 
construction, sechanical and electrical evetems, casework and interior 
furnishings are evaluated in terme of their contribetion te energy 
consumption and conservation. Eight passive design concepts are 
given--introduction, DBDewilding configuration, atriaes, and greenhouses, 


wsing earth to save energy, dynamic etruectures, building envelope, 
windows and passive solar cellectors, and interior subseveteme. 











The Fuel Sewers: A Kit of Solar ideas for Existing Homes, Dan Scullw, Bon 
Prowler, & Bruce Anderson, Harrisville. SH: total Eovironmenta! 
Action, Imc., C. 1978, 60 op. 





This redesign of the original 1975 edition is skillfellw organized and 
illestrated in a livelw style. Same background information om enerey 
conservation concepts -~- winterigation. infiltration, and conduction 
~~ and solar energy is given, bet the bulk of the information falls 
inte the section "A Kit of Ideas.” Each ides, such as thermal mase or 
glassed-in porch, is def.ned, possible wariatierxs of the ides are 
suggested, where the idea aay be applied is given and advantages and 
disadvantages are listed. To give the howcowner or “wo-it-wourse! fer” 
an idea of the relatiwe merits of each idea from the point of view of 
energy saved ger dollar spent, “waterials cost.” “fuel reduction,” and 
“cost-effectiveness” are considered. Wo labor costs are included. 
The fuel redecton is in terms of o11, and an ofl barrel divereae for 
each idea illustrates ite relative cost~-effectiveness. 


Cuidebook, George $. Springer & Gene £. Seith, Westport, 
ighime Co., ioc... ©. 1976, 103 op. 


The Foergvy-Savi 
ec brow ic 












This guide is .atended for home owners and sobile hame owners who seed 
to know Sow they can save energy at home, on the road, at work, and at 
play. Usefel suggestions applicable in different regions ‘north. 
south, urban. rural) are included. 


Of particular interest, is Chapter 5, “Tips for the Mobile Home Ovwrer™ 
m which ides are outlined with regard to insulation and sun ero- 
tection to avoid excess heat abeorption in hot weather. 


Time-Life Home Improvement Series: Weatherprocfing, Alexandria, Va., 
— —_—— 
ime-Life Books, C. 1976, I28 op. 





In @ well-illwetrated teok, wave for the home owner to weatheroroof « 
howse are presented in step-by-step fashion. The firet chapter i« 
devo.ed to sealing @ gape ifn @ house which would allow heat te escape 
or enter--weatheretrioping and twpeee of sealants are described, The 
neat chapter focuses on moisture and such options a6 guttere: drains: 
éry wells; waterproofing: sump pumps: aephalt: slate and wood shingle 
roots; re@eea.iing; wente for sir flow (gable, roof, and gseak vente): 


and exhawst faense/ducte. In the third chapter, iseulation and vapor 
barriers are ‘deecrided. The types. sacking, end smount of ineulation 
are shown: how fo pet if in os wel as Sow to select sarees if Seed of 
imeulation are enhanced byw illustrations that @ake it ese~ for the 
sverage home cwher to fellow. Fo ‘ee people working with finished 


walls, wave of getting imeulatior tate the walle are shown 
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Total Energy Management, Wash., DC: National Electrical Contractors 





Association. 


Total Energy Management (TEM) is an energy conservation approach based 
on the premise that to effect energy savings in buildings one must 
make the building's systems as efficient as possible. 


Initial efforts involve review of the building's past energy consump- 
tion characteristics and developrent of an Energy Utilization Index 
which indicates how much energy .in BTUs) the buiiding consumes per 
gross square foot. Based on this factor and review of general con- 
servation procedures possible, an initial energy conservation goal is 
established. 


Once the initial goal is set, a comprehensive building survey is 
undertaken to determine where opportunities for energy conservation 
exist. In many cases significant energy waste can be eliminated 
through repair of faulty equipment, improved maintenance and operating 
practices. Numerous other options are available, some requiring 
little change from current procedures, others involving modifications 
much broader in scope. 


Following review of the methods available to turn opportunities into 
actual savings, establishing priorities based on time and budget 
available, specific user needs, and related business, and productivity 
considerations unique to the building are undertaken. 


Plant a Tree, Michael A. Weiner, New York: Collier Books, C. 1975, 277 pp. 





Information on choosing the best tree(s) for a given climatic zone is 
provided in this well-organized and easy to read book. One chapter, 
"Selecting a Tree," opens with one basic general rule: Plant trees 
that are found growing naturally in a region because they are usually 
best adapted to local conditions. Lists of trees are provided that 
will prosper in each of nine regions of the United States. Most 
successful varieties and best spacing of trees for shelterbelts, 
woodlots, and urban strips are given. Another chapter tells how to 
buy a tree; what qualities to look for; how to prepare the soil; when 
and how to plant, prune, water, and mulch; and how to choose, dig up 
and transport wild trees. Ways of maintaining trees are provided, 
including use of predators, tree parasites, or "soft" pesticides. 

The latter half of the book gives a thorough listing of more than 

160 North American tree species and their characteristics. We are 
told where each can be grown successfully, whether it is deciduous or 
evergreen, the type of shade it provides, its life expectancy and 
growth rate, how to propagate it, and what soil quality it requires. 
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BUILDINGS 


Window Design Strategies to Conserve Energy, Wash., D.C., U.S. Dept. of 
Commerce, National Bureau of Standards, 1977, 209 pp. 








Design strategies to improve performance and achieve energy-efficient 
windows are described for professional designers, lessees and owners 
of commercial space, home owners, and researchers. Each window design 
strategy is described in a consistent format under the following head- 
ings: strategy, phenomena, advantages, disadvantages, aesthetics, 
costs, examples, and references. The window design strategies include 
the following: 


1. Site discusses the key considerations in siting a building to 
provide favorable window orientation (windbreaks, shading ground 
surfaces, orientation to the sun, and orientation to the wind). 


2. Exterior Appendages covers improved window performance with 
ex'erior appendages: sun screens, exterior roll blinds, 
ichitectural projections, exterior shutters, and awnings. 





3. Frame discusses frame composition and construction including frame 
EEE ° ° ° 
ventilators, weatherstripping, thermal breaks, types of operation, 
window tilt, and size/aspect ratio. 


4. Glazing discusses types of glass used in windows including 
multiple glazed glass, heat-absorbing glass, reflective glass, 
applied films, reduced glazing, glass block, and the thru-glass 
ventilator. 


5. Interior Accessories addresses the use of venetian blinds, 
draperies, film shades, opaque roll shades, and insulating 
shutters for improved window performance. 





6. Building Interior discusses the design of the illumination and 
mechanical systems, the design and color selection of room 
surfaces and the placement of massive building components to 
determine how the energy gained by the windows can serve to reduce 
illumination, air conditioning, and heating energy costs. 





Each chapter is full of illustrations and photographs to complement 
the text. A glossary of terms used in window design and energy con- 
servation introduces the document. 
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This section on Transportation is part of a 
two volume Planning Guide designed to help you 
formulate an overall site-specific Energy Conserva- 
tion Management Plan. It provides you with back- 
ground information concerning how different types 
of vehicles use energy, as well as instructions for 
choosing and developing measures for making trans- 
portation at the site more energy efficient. 
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TRANSPORTATION 
AS AN ELEMENT OF 
THE SITE SYSTEM 


The transportation system is one 
of the largest energy users at most 
sites, second on!v to buildings. It 
is a vital element in the site system 
because it provides a link to all 
other elements. The roads, trails, 
and vehicles connect buildings to one 
another, visitors to scenic areas, 
disposal sites, towns, and so forth. 

Energy consumption in transporta- 
tion is commonly seen as solely gaso- 
line-related. The energy required to 
construct roads and manufacture 
vehicles and vehicle parts is ignored. 
In looking at the energy costs of 
operating a car, the following should 
be considered: gasoline refining and 
retail sales; highway construction; 
automobile manufacturing; parking 
facilities; repairs, maintenance, and 
parts; insurance; tire manufacturing 
and retail sales; automobile retail 
sales; and oil coppympt ion, refining, 
and retail sales. Gasoline con- 
sumption accounts for about 60% of the 
energy used by automobiles, while the 


Energy Input 





Energy-Using System 


remainder of the services necessary to 
produce and maintain the automobile 
account for 40% of the total energy 
use. 

Due to the sheer volume of energy 
used in transportation, there is a 
considerable amount of waste. The 
transportation system has proved to be 
the most inefficient of energy users, 
wasting approximately 75% of the 
energy it consumes. Therefore, trans- 
portation offers a tremendous oppor- 
tunity for substantial energy savings. 

As with other energy-using sys- 
tems, the transportation systems and 
components use energy inputs to pro- 
vide a desired function. In Figure 1, 
an automobile is the energy-using sys- 
tem. Gasoline is the principal energy 
input, although there are others, such 
as direct human labor, motor oil, and 
other materials required to maintain 
it in proper running order. The auto- 
mobile provides the desired function 
of transporting people and materials 
around the site, but is also a source 
of considerable waste. Using figures 
for typical automobiles in the U.S. in 
1976, about 25% of the fuel energy is 
used directly to provide the desired 
function. The remaining 75% is lost 
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Figure 1 Energy Flow 
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to the surrounding atmosphere as 
waste. 

Our primary goal in conserving 
transportation energy is to reduce 
inputs of nonrenewable energy sources. 
This can be accomplished by: 1) re- 
ducing use of transportation systems; 
2) improving the efficiency with which 
energy is used, thereby reducing waste 
(or outputs); and 3) replacing nonre- 
newable with renewable energy sources. 

On the following pages, energy 
inputs, uses, and outputs are dis- 
cussed. Major energy conservation 
opportunities will be explained, and 
their relationship to the refuge or 


hatchery as a whole will be considered. 


Fuels (Inputs) 


The major fuel used by the trans- 
portation system at most refuges and 
hatcheries is gasoline. While Figure 
2 does not represent site-level energy 





consumption, it does indicate the 
fuels used directly and indirectly in 
transportation in general. The figure 
gives you an idea of the magnitude and 
relative percentages of energy use in 
transportation. 

Possibilities for using natural 
energy sources such as wind or sun in 
transportation systems are being 
explored. However, there are pre- 
sently no practical and widely avail- 
able technologies for doing this. 


Desired Functions (Outputs) 


Primary tasks of transportation 
systems include: 


1. Transporting employees and 
visitors 


2. Transporting freight/ 
materials 





3. Patrolling 
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4. Rescue/special service for 
fires, accidents, and other 
emergencies 


5. Providing roads and pathways 
to make areas accessible to 
vehicles. 


Energy-Using Components: Vehicles 


Vehicles used for passenger tra- 
vel and freight transport range from 
bicycles to 10 ton trucks. Some of 
the major possibilities for energy 
savings in various transportation 
modes are discussed briefly below. 


Automobiles 





The passenger car is the largest 
consumer of transportation energy in 
this country. This holds true for 
most refuges and hatcheries if visitor 
and employee automobiles are counted 
with the vehicle fleet. Due primarily 
to public demand, automobile manufac- 
turers have come to realize the impor- 
tance of fuel economy. Many automo- 
biles are now available which combine 
body design modifications, more effi- 
cient engines, lighter weight, and 
other improvements to achieve better 
fuel performance. Some vehicles, 
however, still have energy-consuming 
accessories such as air conditioning, 
power steering, and automatic trans- 
missions which detract from fuel 
economy. 


For the refuge or hatchery, buses 
may be more efficient than passenger 
cars for certain tasks, such as trans- 
porting visitors. Bus service for 
bringing visitors to a site may lack 


speed, convenience, mobility and reli- 
ability. However, these problems can 
be overcome when buses are used within 
the site. If traffic congestion is a 
major problem, then closing roads to 
passenger cars and opening them to 
buses should improve mobility and 
speed of transit. 


Airplanes/Helicopters 





While airplane travel tends io be 
very costly in terms of fuel consump- 
tion, planes serve two important func- 
tions: 1) they allow travel to remote 
areas where roads are non-existent and 
conditions are hazardous, and 2) they 
serve as rescue vehicles. They are 
also used to spray for insects or 
pests, chiefly for environmental or 
agricultural reasons. The fuel effi- 
ciency of air travel increases with 
the distance of the trip. Increasing 
passenger loads to capacity also 
improves efficiency. However, for the 
planes in use at refuges and hatch- 
eries, these efficiency measures are 
not practical. Regular maintenance 
should be mandatory. 


Recreational Vehicles 








The energy inefficiencies of 
recreational vehicles may be offset 
somewhat if they are used for long 
stays at one site and if other modes, 
such as bicycles, are used for short 
trips at the site. 


Boats 


Unless they are hauled back and 
forth to the beach or lake each time 
they are used, canoes, rafts, and 
sailboats use very little energy for 
maintenance and operation. Motorboats 
use more energy, but lighter boats 
with small horsepower engines which 
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are run at slower speeds show better 
fuel economy than heavier boats. 

Extra weight, such as an extra passen- 
ger, affects the fuel economy of a 
light boat more than a heavy boat. 
Some of the government boats operated 
at the site are used cto protect visi- 
tor safety, requiring operating the 
boat in rough water and heavy winds. 
These conditions do tend to reduce gas 
mileage. 

Certain measures may be taken to 
operatc boats more energy efficiently. 
Regular maintenance is needed: ser- 
vicing the engine regularly; checking 
the spark plugs; keeping the hull 
clean of barnacles and seaweeds; and 
making sure all fuel is drained out of 
the fuel tank, fuel lines, and car- 
buretor if the boat is taken /pyt of 
the water for winter months. 


Mopeds/Motorcycles 





Ahen Consumer Reports tested 
mopeds on a 30-mile fuel economy test 
course, they found that they were (5) 
getting about 100 miles per gallon. 
For many of the tasks at a refuge or 
hatchery, the moped may be the most 
efficient mode of transportation 
available. The moped would not be 
effective in enforcing speed limits, 
Since any car could quickly outdis- 
tance it. But in performing other 
patrolling tasks where speed is not a 
requirement, the moped would be more 
than adequate. However, Consumer 
Reports also found that mopeds have 
the following disadvantage: “in some 
ways a moped engine is far ‘dirtier’ 
than a modern V8 epg ine with 100 times 
the displacement ." 

If motorcycles are to be used 
at the site for patrolling or other 
tasks, bikes with a small horsepower 
engine (such as 10 hp) will be more 
economical in terms of gas mileage and 
energy savings than the larger bikes, 
which may use as much gas as a 


passeng@n car while carrying fewer 
people. 


Bicycles 





Bicycles are a popular mode of 
transportation for visitors, and if 
made available to staff, could prove 
popular. An EPA report points out 
thac riding bicycles is more energy 
efficient than walking: a bicyclist 
who rides at 10 mph uses only 97 Btu 
per passenger mile, while a pedestrian 
who walks at 2. ggrh uses 500 Btu ver 
passenger mile. Walking should not 
be overlooked, however, since it is 
more energy efficient than almost all 
other modes of transportation. 

Safety is an important considera- 
tion for both bike riding and walking. 
Special bike and pedestrian paths or 
trails that are well maintained -- 
that is, free of broken bottles, lit- 
ter, or potholes -- can improve the 
safety record of a refuge or hatchery, 
while stimulating people to ride bikes 
and walk. Safe and convenient bike 
racks and parking areas should be 
available to visitors and employees to 
encourage use. 


Snowmobiles 





A number of factors affect the 
fuel economy of snowmobiles. The low 
horsepower, four-stroke engines used 
in this type of vehicle give the best 
mileage when driven slowly. As with 
other vehicle types, towing with snow- 
mobiles reduces fuel economy. Weather 
conditions and type of snow also 
affect mileage. 


Railroads 








Railroads can be very efticient 
for freight and passenger transport, 
having improved tremendously over the 
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years as more efficient engines have 
been used and the fuel has changed 
from coal and residual fuel oil (steam 
engines) to diesel fuel. Their main 
drawback is inconvenience. They are 
not usually close enough to sites to 
make railroad transport a regular 
practice. For visitors arriving by 
railroad there is the added problem of 
needing additional transport to and 
within the site. 


Trucks 


Trucks are large users of gaso- 
line and diesel fuel. They move all 
types of materials. In contrast to 
all other modes of freight transporta- 
tion, trucks offer flexibility on 
pickup and delivery points: they 
provide door-to-door service. This is 
an important consideration for refuges 
and hatcheries, since railroad lines 
and waterways are often at inconve- 
nient distances. 

Pickup trucks are especially 
popular. Fuel savings may be realized 
by matching the pickup to the tasks 
that must be performed. If a pickup 
truck is required, one with 2-wheel 
drive will perform more energy effi- 
ciently than one with 4-wheel drive. 

For automobiles, tractors, and 
trucks, diesel engines are proven 
energy savers, although initial costs 
(particularly for automobiles) may be 
high. The cost of diesel fuel as 
compared to gasviine should be con- 
sidered before purchasing a diesel 
engine. 


Tractors 


Tractors are used for mowing, 
transporting materials, and for agri- 
cultural purposes. A diesel tractor 
will use 30% less fuel than a tractor 
using gasoline, while a tractor using 
propane gas for fuel will use 20% more 





(9) 


fuel than a gasoline tractor. 

Tractors with all gear power transmis- 
sion are 25% more efficient in their 
use of fuel than those with hydraulic 


drive, even at r engine speed 
and partial load tO" 


Energy-Using Components: 
Roads and Paths 


Stressing the importance of 
energy conservation in road design 
and maintenance can ultimately result 
in improved fuel economy and reduced 
maintenance requirements. The follow- 
ing factors related to road design 
affect the energy use of vehicles 
traveling these roads: type of road 
surface, road and shoulder widths, 
curvature, elevation, sight distance, 
gradient, and landscaping. Harder 
road surfaces, particularly concrete 
and asphalt provide less resistance 
for rolling vehicles, requiring less 
energy in traveling over them. On 
softer road surfaces, such as dirt or 
gravel roads, vehicles expend a great 
deal of energy compressing the surface. 

Roads and paths can be derigned 
for energy efficiency, but construc- 
ting and maintaining thee roads can 
be costly and energ, inefficient. For 
example, concrete roads are the most 
energy efficient for vehicles, but 
they are also the most energy inten- 
sive during construction. Some 
recovered or substitute materials may 
be used in maintaining roads or paths. 
For example, asphalt ready to be torn 
up may be reused for resurfacing roads 
or laying new ones, while wood chips 
may be used for trails. 


CONSERVATION MEASURES 


The energy savings available in 
the transportation sector can be 
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divided into savings that can be 
directly achieved by employees of 
refuges or hatcheries, and savings 
achieved by visitors or other non- 
employees. Although it is easiest 
to control the energy consumpt ion 
of empleyees, the greatest energy 
Savings potential lies in affecting 
energy use by visitors. Of course, 
visitor energy use cannot be 
recorded and monitored, nor do 
savings obtained by visitors show 
up as credits on the energy budget 
at the site. However, it is 
important that they be considered 
in developing plans to save 
transportation energy. 

Energy conservation measures 
in the "Planning Process" section 
have been arranged according to 
five major conservation strategies 
which are discussed below. 

Many of the examples given on 
the following pages are measures 
that can be implemented with little 
effort. 


Reduce Travel Demand 


The least costly means of saving 
energy is simply reducing travel. 
Cutting down on travel can be accom- 
plished by foresight on the part of 
planners. Telecommunications can be 
substituted in some cases. Sy phon- 
ing ahead to make sure someone is 
in, unnecessary trips can be avoidea. 
Instituting a reservation system for 
campgrounds can reduce wasted miles 
a visitor might travel looking for 

. overnight accomodations. Some busi- 
ness may be carried out over the 
phone or by letter rather than by 
travel. Patrol cars can make speed 
checks with radar from a stationary 
position, instead of using driving 
patrols. 


improve Energy Conversion 
Efficiency of Existing Vehicles 


All modes of transportation 
(except possibly bicycling and 
walking) can be made more efficient. 
To develop a strategy, you should 
begin by examining the least efficient 
modes and looking for potential 
improvements. For automobiles and 
trucks, regular maintenance can make 
a significant difference. 

Driving for economy is a skill 
that can be improved in the average 
driver. Driver's training can resind 
drivers of energy saving ideas ani 

echniques they may be overlooking. 
“river's training should include 
instruction on handling the car, 
proper urxeeo (such as keeping the 
tires inflated corrvctly), and 
planning trips ahead of time. Table | 
shows how gas milvage improves with 
driver's training. Descriptions of 
good driving techniques are provided 
in Reference (12). 

Modification devices for existing 
vehicles can also produce energy 
savings. For instance, replacing bias 
ply tires with radials can increase 
auto mileage by one to two miles per 
gallon, and produce a Fy¢) savings of 
up to 9.42% for trucks. 


increase Load Factors 


Load factors refer to the weight 
and volume that a vehicle carries. 
Truck operators can attempt to load a 
truck as close to capacity as possi- 
bie. Loads of mixed materials or 
prooucts can be put together to reduce 
the total number of trips required to 
transport large amounts of freight. 
Planning can reduce the number of 
empty miles driven at the site. Making 
one trip with a large vehicle to pick 
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up many items from different places is 
usually mor~ efficient than making 
many trips in a small vehicle to pick 
up one or two items at each place. 





Shift to More Efficient 
Modes of Transportation 


Switching to a more eneray effi- 
cient type of vehicle can bring 
savings. (Sze Table 2.) For instance, 
using a bicycle or moped instead of a 
car or ligit truck to travel a mile 
between a visitor center and camp- 
grounds can result in definite sav- 
ings, especially over the long tern. 

You can only choose the right 
vehicle for the job if the vehicles 
are available to you. If they are not 
available, more efficient ones may be 
added when old vehicles are replaced. 
In choosing a new vehicle, overall 
performance should be 4 prime con- 
sideration. 

The following factors affect a 
vehicle's gas mileage ard overall 
performance, and contribute favorably 
tu fuel economy: 


l. Light weight 
2. Ratial tires 


3. Manual transmissions 
(5-sperd, overdrive) 


4. More efficient engines 
(diesel, stratified charge) 


5. Low axle ratios 


4. Thermostatically controlled 
fans 


7. Few power accessories. 


Sometimes it ‘s necessary to 
choose a less efficient vehicle 





because of the job to be done; because 
it performs better under certain 
weather conditions; because no alter- 
native is available; or for other 
reasons. 


impr> + Usage Patterns 


Energy can be saved by improving 
transportation usage patterns. A 
refuge or hatchery has a number of 
options in this area, including: 


1. Reducing the number of speed 
changes and stops, so that 
drivers can maintain a steady 
speed to improve fvel economy 


2. Closing roads to visitor 
vehicles and substituting bus 
service 


3. Closing roads and converting 
them to trails or paths 


4. Enforcing speed limits to 
reduce average speeds. 


Employees can alsu take steps to 
save transportation energy. For 
example, taking the bus to work 
instead of a car can produce consider~ 
able savings over time. 


Often transportation-related 
measures to save energy are simple 
tasks requiring minimal investment of 
time and resources. A discussion of 
some of these simple, and other more 
complicated, suggestions is included 
here for your use in formulating your 
comprehensive transportation conserva- 
tion plan. 
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Table 1 Driver Training Gains (Source: Reference (11)) 
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Table2 Typical Energy Efficiencies of Passenger Modes 





Bicycle Person on foot Bus Automobile 


S Bs Di 















97° BTU/passenger 500° BTU/passenger 3,000* BTU/passenger 6,700* BTU/passenger 
mile mile mile mile 





*These figures vary according to load factors, speed, efficiency of particular 
vehicle, road ard westher conditions, and type of driving, among others factors. 
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There are five overall strategies 
for conserving transportation energy. 
These are: 


@ reduce travel demand 

@ improve the energy conversion 
efficiency of existing 
vehicles 


@ increase load factors 


@ shift to more efficient modes 
of transportation 


@ improve usage patterns. 


A four-step process is presented to 
enable you to choose which of these 
strategies are feasible for your 
refuge or hatchery. These four steps 
are: 


Step 1. Familiarize yourself with the 





concepts on the procec in es con- 
cerning energy saserest ioe - trans- 


portation 











If you have not already read 
these sections you should do so 
before continuing. They will give 
you an overview of how energy can be 
saved in transportation; thy explain 
how measures for this section are 
organized; and provide information 
that will help you to assess the 
measures. 


Step 2. Collect fleet inventory data. 





Im many refuges and hatcheries, a 
list of vehicles and basic information 
about those vehicles already erists. 
In other sites, you will have to col- 
lect this information yourself. Use 
the form included as Transportation 
Data Form 1, Vehicle Inventory, p. 12, 
or your own listing if it contains all 
of the necessary date. 








The information from this form 
will be used in several ways during 
the planning process. It will help 
you to identify vehicles which are 
yarticularly inefficient so that main- 
tenance and operations efforts may be 
focused on them. It will provide 
information needed to answer questions 
involved in assessing specific mea- 
sures, such as, “Are some vehicles not 
being used to capacity?” Could two 
such vehicles be replaced by a single 
vehicle? Which vehicles are ready for 
replacement? Could they be replaced 
by more efficient vehicles to serve 
the same purpose? Finally, the inven- 
tory will provide information required 
to evaluate the cost-effectiveness of 
various vehicle retrofit options. 





Step 3. Select energy conservation 
measures from the group 4 ted "1" 
on Wor t I, Potentia 
tion Conservation Measures. 















Withia each of the five conserva- 
tion strategies for *ransportation 
there are measures which are desig- 
nated “I" for “immediate priority." 
These operations and maintenance 
activities should be considered first 
by every refuge and hatchery. 

Since these measures will enable 
you to realise considerable savings 
with little investment, the planning 
process can be streamlined to enable 
you to work through them very quickly, 
focusing on how to implement them 
rather than whether to implement them. 
It is unlikely that you will need to 
use the technical reference books. 
Further, it will not be necessary for 
you fo complete 4 of the 10 columns on 
Worksheets Il, Measures Evaluation. 
Specifically, the columns you may omit 
for this group of measures are: 


@ “potential benefits” - the 
major benefit from these 
measures (fuel savings) is 
self-evident. 
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In filling out the remaining six col- 
umns you will concentrate on several 
questions: 


“first check point" - you will 
mot need to make an initial 
judgment of barriers versus 
benefits. 


“savings” - savings for each 
of these measures vill be 
difficult, if not impossible, 
to quantify. It will be more 
accurate to calculate the conm- 
bined saving effect of these 
and other transportation mea- 
sures by carefully monitoring 
fuel consumption over time. 


“payback period” - since costs 
are minimal and savings un- 
known for most of these mea- 
sures, payback is not a useful 
concept. It can be assumed to 
be almost immediate where 
litt.e or no cost is involved. 


“Current Status” - Is this 
measure applicable? Has the 
refuge or hatchery already 
im lemented the measure? 
Could implementation be 
improved? 


“Action Required for Imple- 
mentation” - If the site has 
not already implemented tke 
measure, what would be 
required for implementatica - 
policy, training program, 
incentive program? 


“Barriers to Implementation" - 
Why hasn't the site imple- 
mented the measure already - 
motivation problems, unaware 
ef its benefits? 


"Cost" - Are there any costs 
associated with the measure - 
staff time, training materials? 





@ “Training Needs” - Is training 
of staff needed to implement 
the measure? In what areas? 


@ “Motivation Problems and 
Incentives” - If motivation is 
a problem, what incentive 
could be offered to gain 
cooperation from staff? 


Step 4. Select additional applicable 
measures and complete Worksheets II, 
Mearures Evaluation. 











After you have completed Step 3, 
you will be left with additional 
measures designated “H" for “high 
priority” and “F" for “further studv. 


You should review the complete 
list of remaining measures and deter- 
mine current status for each measure 
or group of measures. Measures in 
these areas generally have costs 
associated with them and will require 
a more detailed examination to deter- 
mine their applicability and 
desirability. 

These measures fall into two 
overall categories - those in which 
savings accrue to the refuge or 
hatchery, and those in which the 
s@vings accrue to visitors or staff as 
individuals. Vehicle modification is 
the major group in the first category, 
with additional minor savings accruing 
to the refuge or hatchery from mea- 
sures in the areas of road maintenance 
and design. Although the refuge or 
hatchery will not realize energy sav- 
ings from measures in staff carpools, 
visitor mass transit, bikeways and 
footpaths; there will be other bene- 
fits for the site such as reduced 
population, less traffic congestion, 
fewer parking problems, and setting an 
example for the public. Further, 
energy savings will result for the 
staff members or visitors involved, 
and for the community as a whole. 
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Clearly, a decision must be made 
whether to spend money on measures 
which will not result .o direct energy 
savings for the refuge or hatchery but 
which will have a significant conser- 
vation impact outside the site. You 
want to make a decision on this ques- 
tion at this point. or you may prefer 
to evaluate the various measures and 
make recommendations to your adminis- 
trators. If you ch»xose to consider 
any of these additional areas, you 
should read the special instruction 
below. 

Vehicle Modification -- In 
assessing the desirability of pur- 
chasing and installing energy saving 
devices for vehicles, the most impor- 
tant consideration is cost-effective- 
ness. However, you must also consider 
how long you plan to kee; the vehicle 
in question. For example, if instal- 
ling a "widget" in the site‘s pick-up 
truck was found to have a simple pay- 
back period of 3 years, this would 
normally be considered a good invest- 
ment. But if you plan to replace the 
vehicle in 2 years, then this invest- 
ment no longer makes sense. 

Staff Carpools -- Assessing stiff 
carpooling will require you to con- 
sider the number of staff, dispersion 
of their homes and work places, and 
their schedules. A large map with 
colored pins might be helpful in con- 
ducting this assessment. 

Visitor Mass Transit -- If there 
is no visitor mass transit system now 
in your refuge or hatchery, you will 
probably want to call in expert 
assistance after you have conducted a 
preliminary assessment of potentia! 
benefits and barriers. The number of 
visitors and vehicles and their travel 
patterns within your site will be 
important initial factors to consider. 
This section also includes measures 
aimed at improving existing mass 
transit systems. 





Bikeways and Footpaths, Road 
Maintenance and New Road Design -- 
Since these sections may have signifi- 
cant cost and environmental implica- 
tions, you may want to obtain tech- 
nical assistance after you have 
considered potential benefits and 
barriers. This area is also tied very 
closely to site design. 

A sample completed Worksheets II, 
Measures Evaluation, is included fol- 
lowing the list of potential conserva- 
tion measures. 





After you have completed a list of j 
potential conservation measures 
for this section and have com- 
pleted your Worksheets II, 
Measures Evaluation, you should 
review the material in the Intro- 
duction which explains how to pull 
all of your measures together into 
a comprehensive Energy Conserva- 
tion Management Plan. 


REMEMBER: The measures you are 
considering for transportation are 
meant to be a part of your total 
plan. 
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VEHICLE INVENTORY 





Vehicle 


Type 


Make 


Model 
Year 


Current 
Odometer 
Readii.g 


Average 
Daily 
Milage 


Average 
Miles/ 
Gallon 


Annual 
Fuel 
Costs 


Expected 
Replacement 
Date (Year) 


Use 
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WORKSHEET I 


TRANSPORTATION MEASURES 








Current 
Measures . Status Technical Reference*” 





l. REDUCE TRAVEL DEMAND 





1.1 
Increase use of telephone or written commu-| 
nications instead of travel. I* | 


1.2 
Plan trios and select fuel-savine routes. | 


Ze IMPROVE ENERCY CONVERSION EFFICIENCY OF 
EXISTING VEHICLES 


2.1 


. ; : : A Guide to Reducinc 
Service Vehicle Maintenance : ‘ 


pb. 46-9; 350 Ways, 





(a) Establish preventive maintenance 
schedules and checklists. | 


- Maintain proper tire pressure. 


menced intervals to reduce en- 
Gine wear and maintain low oil 
and fuel consumption. 


| 
| 
| 
- Chance oil and filter at recom- | © 
- Check and replace spark plugs | 
regularly. 
- Maintain wheel bearings and 
braking systems to reduce 
friction losses. 


- Replace worn points and wires, 
and maintain prover timing. 





- Keep air pollution equipment 
free of sludce and other 
material. 


- Clean and adjust carburetor 
periodical)ly. 


- Keep choke and throttle clean 
and well lubricated. 











* I indicates immediate priority measures which should be considered first. @ 


** These references are part of a core library which should accompany these 
enerev conservation/management plarning materials. 
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Current 
Measures Status Technical Reference 
' 
| | 
- Check wheel alicnment | 
frequently. 
- Maintain correct belt tension. | 
- Keep radiator free of cloggins 
material. 
- Check for and remove blockages , 
in exhaust systems. | 
(b) Recycle used oil. | | Dec. 1 Makers, 
PP. 145 
(c) Recharge batteries on electrical 
equipment during off-peak demand 
periods. | 
(4) Implement a vehicle monitoring Energy Mgmt., 
policy to ensure vehicles are pp. 915 
attaining mandated mileage | 
performance goals based on | 
Operator's Record or other 
forms. | | 
(e) Install evaporative limiters 
(nozzles) on gas pumps. | | 
| | 
2.2 | | 
Service Vehicle Operation | 
(a) Train staff to employ fuel | 350 Ways, pp. 133- 
efficient driving techniques. 160 
(b) Do not carry unnecessary | 350 Ways, p. 151 
weight. I! | | 
(c) Do not overfill gas tanks, |! | | 350 Ways, pp. 182-3 


(ad) Use lightest vehicle appropriate 
for each trip. | 


(e) Encourage staff to report any 
malfunction or increase in 
gas consumption immediately. | 
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Curren 
Measures Status Technical Reference 
‘2) Use ice scrapers for 
Cleaning snow and ice .:°m 
car windows instead of long 
warm-up reriods. ! 
(g) Encourage staff to avoid _ 350 Ways, pp. 166-7 
using the air conditioner. |! : 
2.3 | 
Boat and Aircraft Maintenance and ) 
Operation (if applicable) 
(a) Clean marine growth from Energy Saving 
boat hulls to reduce drag. |! Guidebook, pp. 96-7 
(b) Use smaller motors on boats. ! 
(c) Keep boat motors tuned. | @ 
(4) Improve aircraft skin mainterance 
*o reduce drag. |! 
2.4 
Service Vehicle Retrofit 
(a) Use radial tires. H * 350 Ways, pp. 167- 
170 
(b) Add air shields to trucks that Trucker's Guide, 
travel at highway speeds to Pp. 9-10 
reduce aerodynamic drag. 
(c) Install a clutched or demand fin Mgmt., Pp. 
fan in trucks. H 29-31; Trucker's 
Guide, p. ll 
(4) Remove or disconnect unnecessary | 350 Ways, pp. 166-7 
comfort accessories (such as air 
conditioners). H 
(e) Install carburetor systems that sages Vehicle, 
permit “lean” operation (air- Vol. I, pp. to 
fwel ratio = 18-20). H 3-77, 3-104 to 3-115 
{f) Install inlet manifolds with Highway Vehicle, 
reduced flow cross-sectional areas Vol. I, pp. 3-156 to 
which increase the flow velocity 3-175 © 





* H indicates high priority measures which require significant investment 
but are certain of economic payoff. 
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Vol. II, pp.6-8 to 


Current 
Measures Status Technical Re“«rence 
of the fuel-air mixture in the 
manifold and improve fuel 
distribution. H 
(g) Install capacitive discharge or | Hi Vehicle, | 
electronic inductive ignition Vol. II, pp. 4-6 to 
systems, particularly in vehicles | 4-7 
with lean air-fuel ratio settings. H | 
(h) Change the rear axle gear ratio. H | Hi Vehicle, 


(i) 


Add an overdrive unit. H 


INCREASE LOAD FACTORS 


3.1 


Deliveries and Staff Travel 


(a) 


(b) 


3.2 


Plan vehicle use to maximize 
vehicle payloads, I 


Conso’idate deliveries and other 
travel. 


Staff Carpools 


(a) 


(b) 


(c) 


(d) 


(e) 


Provide written materials about 
transportation alternatives to 
staff (carpools, vanpools, buses, 
etc.). | 


Establish carpooling incentive 
programs for staff. | 


Establish “park and ride” lots. | 


Provide preferential parking for 
staff carpocls. 


Provide preferential traffic 
control for carpools. | 


es 
low 











6-10 

Hi Vehic‘e, 
Vol. II, pp. 6-15 
to 6-19 


Trucker's Guide, 


pp. 6-7 


Guide to Reducing, 


pp. 23-4 
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Current. 
Measures Status Technical Reference 





4. SHIFT TO MORE EFFICIENT MODES OF 
TRANSPORTATION 


4.1 
Existing Fleet Enersy Effects, 
PP. 14-33 








(a) Use small trucks instead of large 
trucks unless the number of trips 
required to do a job would be 
increased, 





(b) Use cars instead of trucks | 
whenever possible. I! | 


(c) Use small cars instead of large 
cars. | | 


(4) Use motorcycles, mopeds, | 
bicycles instead of cars. | | 


(e) Walk instead of driving short 
distances. | 





4,2 | 
Replacement Policy | 





(a) In purchasing new vehicles, consi- | 350 Ways, pp. 161- 
der factors contributing to fuel «+178 
economy such as: smaller, lighter 
vehicles - smaller engines - fewer 
comfort and power accessories : 
(air conditioning, power steering, 
automatic transmission). 4 


factors contributing to fuel 
economy such as: powered and un- 
powered tandem rigs - single azle 
drive - clutched or demand fans. H 


| 
(b) In purchasing trucks, consider | Energy Momt., pp. 





(c) Retire unnecessary vehicles, 4 


(4d) In purchasing new boats, select 
those with more efficient hull 
designs and smaller motor require- 
ments. H 
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Status 


Technical Reference 





4.3 


Visitor Mass Transit 


(a) 


(b) 


(c) 


4.4 


Bikeways and Foot Paths 


(a) 


(b) 


(c) 


(da) 


(e) 


(f) 


5. IMPROVE 


5.1 
Traffic 


(a) 


* F indicates 


feasibility. 


Implement or expand visitor 
mass transit system within 
the site. Fo * 





Improve quality of the mass transit 
system within the site including 
comfort, frequency, and convenience. F 
Provide mass transit for visitors | 
between the site, and nearby cities, 

towns, airports, or “park and ride” | 
lots. F 


Establish visitor comfort stations 
or sheltered rest areas for bicycle 
riders and hikers. H 


Expand and improve foot paths and 
trails. 


Install bicycle and pedestrian ac- 
tivated traffic signals. H 


Designate exclusive bikeways, or 
bikeways on existing rights of way. H 


Install bicycle racks and moped/ 
motorcycle parking areas. H 


Provide inexpensive bicycle or 
moped rentals. 1H 


USAGE PATTERNS 


Flow 


Improve traffic flow and encourage 
steady vehicle speeds by reducing 





speed changes and stops. 
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measures which require further study to determine their economic 
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Current 
Measures Status Technical Reference 
(b) Reduce travel speeds and 
enforce speed limits. 4 | 
(¢) Establish auto-free zones | 
(pedestrian, bicycle, or mass | 
transit only). H | 
| 
5.2 | | 
Road Maintenance | 
(a) Curtail nonessential highway 
maintenance, such as some 
right-of-way mowing. |! 
(b) Use less energy intensive 
materials for road repairs 
(use asphalt cold mix, 


feasible). | 


(c) Reduce unnecessary lighting in 


Street Lighting, 
roadways. | 


PP. 16-20 


| 
| 
| 
| 
| 
| © 

emulsions, flyash where | 
| 
| 
| 

(4) Recycle waste asphalt. | | 


5.3 
New Road Design | 
| 
| 


(a) Reduce gradients. fF 
(b) Minimize need for speed changes. fF 


(c) Use less energy intensive con- 
struction materials. 


(4) Reduce highway lighting. 
































Worksheet Ii: Measures Evaluation 














Action Required First 
Measures Potential Benefits for Barriers to Decision 
Implement at ion Implementation Point 
2.4.d. Remove or disconnect air Gasoline savings @® Minor mechanical je Staff morale Stop 
conditioners Set a good example ope ration would suffer 
for visitors @ Staff efficiency 
and performance 
would suffer 
2.4.f. Install “widgets” on 7 ve- Gasoline savings @ Vehicle retrofit le None Go on 
hicles in fleet (see Vehicle 
Retrofic Feasibility Work- 
4 sheet) 
3.2 Initiate staff carpooling system Reduce traffic con- |e Policy Motivation Go on 
gestion and noise @ Incentive program] problems 





Reduce pollution 
Relieve overcrowling 
in parking lots 
Staff save money on 
gasoline 

Overall energy 
savings 








Schedule con- 
flicts 


























Worksheet Il: Measures Evaluation (Part II) 











Cost Savings Payback Training Needs Motivation Problems 
(S$ and BTUs) Period and Incentives 
$250 each x 7 18% Less than 3 None None 


vehicles = 
$1,750 


Minimal - staff 


time to organ- 
ize program 
Bulletin board 


to help arrange 


carpools 





Park does not 
receive s.v- 
ings - staff 
will get sav- 
ings 





yrs. - see Ve- 
Hhicle Retrofit 
Feasibility 
Worksheet 





fe? 
. 





@ Motivation problems - 
private cars are more 
convenient and people 
are used to having 
them 
@ Incentives 
- education on value 
of energy savings 

- reminder of dollar 
savings on gas 

- establish prefer- 
ential parking areas 
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ABSTRACTS 
Core Sources 


Energy Effects, Efficiencies, and Prospects for Various Modes of 
Transportation, National Cooperative Highway Research Frogram 43, 
Wash., D.C.: WNational Academy of Sciences, Transportation Research 
Board, !977. 









This study provides excellent background material on energy use in all 
transportation modes. Using numerous charts and graphs supplementary 
to the text, the work compares energy use by various modes as well as 
comparing transportation to other energy users. 


Potential impact of energy conservation options are presented in a 
detailed, thorough matrix. Comparison of various modal shifts are 
made using a systems approach. The concise summary of conclusion and 
recommendation offers some excellent suggestions for transportation 
conservation in both the short and the long term. 





Energy Management in Municipal Vehicles, Boston: Massachusetts Dept. of 
17 


@ ity Affairs, 
This study provides all the necessary information to implement an 
energy management plan for a fleet of vehicles. It includes repro- 
ducible worksheets and forms that, when used as described, could yield 
major savings in energy. 


After an overview of the impact of the energy crisis on fleet costs, 
the study outlines and completely describes five elements of an energy 
management scheme. Namely, 


fuel and maintenance cost accounting 
life cycle costing 

preventive maintenance 

reduced vehicle usage 

vehicle replacement 


In addition to providing excellent baseline data on fleet costs, the 
study gives case studies of cities that have implemented successful 
energy management plans. 





A Guide to Reducing. . .Energy Use, Budget Costs, Wash., D.C.: The 
tional Sesoetet Tox 0 unties, ST, Chapts. 36 4. 


This document provides information needed to tailor an energy con- 
@ servation program to a specific community. It is divided into three 
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major sections that deal with the “whys,” ‘hows,” and “by whoms”™ of © 
energy conservation. The work is implementation oriented and 

categorizes energy saving improvements both in terms of costs and 

payback period. 





Chapter 7, entitied “Employee Programs," offers suggestions on 
increasing energy conservation awareness among employees and focuses 
on employee transportation modes including mass transit, car pooling, 
and other energy efficient methods of travel. Successful energy 
conservation schemes are provided. 


Chapter 4, entitled "Vehicle Fleets," covers most substantive areas of 
operation, procurement, and management of an energy efficient fleet. 
Appendices include useful information on car sizing policies, fuel 
rationing plans, preventative maintenance checklists, and baseline 
information on dieselization, radial tires, and optimum rout ing 
schemes. 


ghway Vehicle Retrofit Evaluation. Phase I. Analysis and Preliminary 





Evaluation Results, Cambridge, MA.: Transportation Systems Center, 


TS75, 221 pp. 





This two-volume report presents an analysis and preliminary evaluation 

of selected used-car and light-truck fuel economy retrofit devices. 

In particular, performance characteristics of retrofit devices with rd] 
the potential to improve automotive fuel economy are presented. The 

devices include carburetors, acoustic and mechanical automizers, 

lean-bleed devices, vapor injectors, fuel modifications, ‘nlet mani- 

folds, drivetrain components, drag reduction techniques, driver aids, 

cooling fans, valve timing, tuneups, exhaust-related systems, engine 

Oils, oil additives, and filters. 





Trucker's Guide to Fuel Saving, Wash., D.C.: federal Energy Administra- 


tion, Dept. of Transportation, Envirecamental Protection Agency, 1976. 


An excellent “how-to” brochure designed for the fleet manager and 
operator, this booklet suggests energy conservation actions, both 
through operational changes and vehicle retrofit. Sample topics 
include: engine-twning, diagnosing chassis problems by measuring tire 
wear, and add-on equipment, such as temperature modulated furs and 
turbo-charging kits. This booklet is non-technical, to the point, 
clear and provides a summary of energy conservation in heavy trucks 
which makes it required reading for those involved in transportation. 


350 Ways to Save Energy (And Money) In Your Home and Car, Henry R. Spies, 








Seichi Konzo, Jean Calvin, & Wayne “Thoms, New York: Crown Publishers, 
Inc., C. 1974, pp. 133-192. 
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Many valuable tips are offered for saving energy in the home, but of 
particular interest are ways for improving energy consumption in cars. 
This comprehensive guide covers: driving for economy, including 
mountain driving, cold starting, use of gears, route planning, weather 
conditions, driving techniques, among others; choosing the right car 
and equipment, including power accessories, tires, emission controls, 











grade of fuel, the electrical system, vacuum guages, and the fuel 
filter; and tuning and maintenance, including tuse-up tips, when to 
fill up the tank, fuel leak inspections, tire and chassis maintenance, 
and fuel and oil additives. 
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This section on Waste Management is part of a 
two volume Planning Guide designed to help its 
readers formulate an overall site-specific Energy 
Conservation Management Plan. It provides you with 
technical information about waste handling as well 
as instructions for choosing and developing mea- 
sures designed to save energy by dealing with waste 
more efficiently. 














WASTE MANAGEMENT 





The word waste refers to the 
unvanted or unplanned by-products of 
any activity or process. Wastes are 
energy and materials discarded in the 
course of daily activities. The laws 
of physics tell us that there is no 
way to completely eliminate waste, 
since there is no such thing as a 
process which is 100% efficient. But 
for practical purposes, we can say 
that a great deal of waste is the 
result of poor planning. The purpose 
of this section is to help you reduce 
waste and improve the efficiency of 
waste management processes. This can 
help you achieve your primary goai of 
saving energy while also protecting 
the local environment, and saving 
money and valuable material resources. 

Waste management must be an inte- 
gral part of every element of the FWS 
energy conservation program and will 
only be effective if given equal 
priority when mapping out strategies 
for each of the sections dealing with 
buildings, transportation, etc. For 
waste conversion systems are actually 
on-site generation processes with 
wastes serving as the renewable 
resource. 


Energy-Using Systems for 
Waste Management 





The waste management system at a 
site shares the characteristics of 
other energy-using systems. It 
requires energy inputs, in the form of 
gas, diesel fuel, and liquefied petro- 
leum gas to run trucks and tractors. 
Electricity is used to power much of 
the equipment and to provide heat and 
light for treatment or conversion 





processes. The energy-using compon- 
ents and systems for managing waste at 
the site level include vehicles, con- 
version systems, disposal sites, and 
disposal units. These systems are 
used to provide the desired functions 
of waste collection, conversion, and 
disposal. In some cases, waste con- 
version systems can also produce 
energy, thereby improving the effi- 
ciency of the overall system. in 
Figure 1, energy inputs in the form of 
gasoline and natural gas are used to 
power the components of a waste man- 
agement system. The gas fires an 
incinerator, used to dispose of trash 
collected from locations around the 
site by a garbage truck. Both ele- 
ments of the system offer opportuni- 
ties for improved energy efficiency. 

In the planning process section, 
measures for energy conservation in 
waste management systems are grouped 
into four strategies: 


1. Reduce waste, 


2. Improve the energy effic ency 
of waste handling procedures 
and equipment, 


3. Recover and recycle waste 
materials, 


4. Convert waste materials 
into useful products or 
energy. 


After a short discussion of the most 
common types of waste, the desired 
functions of waste managemen* <;s ems 
and their components, these strategies 
will be developed more fully. 


Types of Waste 


Virtually all types of waste can 
occur at refuges and hatcheries. 
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WASTE MANAGEMENT 









Gasoline 


Garbage Truck 
Waste Collection 


Figure 1 Energy Flow 


Table 1 shows the most frequently 
found types of waste, and briefly 
describes their content and the usual 
methods employed to dispose of them. 
Not all of the wastes displayed in 
Table 1 are common, however; for 
example, it may be unusual to find 
pathogenic chemicals in the solid 
waste handled at the typical refuge or 
hatchery. By contrast, organic solid 
waste may be a major problem. Figure 
2 displays the relative percentages of 
different types of municipal solid 
waste in 1975. It is interesting to 
note that 78.52% of U.S. solid waste in 
that year was combustible--much of it 
a potential energy source. 


Desired Functions 


Major tasks involved in waste 
management are the collection, 
conversion and disposal of wastes. 





Incinerator 








Waste 
Disposa!] 











Collection 





Beginning its journey through the 
site waste management system, waste is 
collected through mechanical means, 
sewage treatment systems and other 
techniques. In the collection phase, 
the volume of wastes is sometimes 
reduced by shredding, chopping or 
grinding by machines at the disposal 
site or in the trucks used to collect 
the waste. 


Disposal 


Wastes are most frequently dis- 
posed of in open dumps, an energy 
efficient but potentially unsanitary 
techviyque. Other methods widely used 
in this cowncry are incinerators, 
sanitary itandfills, dumping at sea, 
and the simp!e expedient of leaving 
wastes uncollected. Figure 3 shows 
how many million tons of waste were 
disposed of by each of these methods 
in 1969. Open dumps certainly do not 


7 BEST DOCUMENT AVAILABLE 




















WASTE MANAGEMENT 





Table 1 Waste Types and Disposal Methods 














TYPE CONTENT DISPOSAL METHOD 
Human waste Excrement Sewage system 
Other 
Animal Excrement Uncollected 
Pathological & Trash 
Agricultural Grain/grain straws Recycled, Uncollected 
Wood (chips, fire logs, pulp, & Trash 
waste) 
Aqua/mari- Biological Uncollected 
Cultural Botanical & Trash 
Man-produced (fishery/boat wastes) 
Solid waste Trash Trash, 
1. Organic (pathogenic/non- Uncollected, 
pathogenic) Special disposal 
4. Biodegradabie/non- & Recycling 
biodegradable 
b. Combustible/non- 
combustible 
2. Inorganic (pathogenic/non- 
pathogenic) 
3. Rubber 
4. Metals (ferrous/non-ferrous) 
5. Glass 
Industrial (machine turnings/ 
flashings) 
1. Metals (ferrous/non-ferrous) 
2. Plastics (biodegradable/non- 
biodegradable) 
Chemicals 
1. Toxic 
2. MNon-Toxic 
3. Pathogenic 
Liquid waste Chemical Sewage 
Toxic/non-toxic Special disposal 
Pathogenic Evaporation 
Water 
Heat Uncollected 
ad 
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Million Tons 
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Tons 
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Metals 27.5 Million 
Miscellaneous -.. Tons 





Inorganic 


Figure2 National Trash Can (Annual! Municipal Solid Waste - 1975) 
(Source: Reference 1) 
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Figure3 Methods of Waste Disposal in the United States (1969) 
(Source: Reference (2)) 
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blend with the scenic beauties of an 
FWS site. Sanitary landfills offer an 
alternative, although for landfills 
outside site boundaries, energy is 
needed to transport wastes for dis- 
posal. Precautions must also be taken 
in operating a landfill to control 
liquid and gaseous by-products, since 
methane and hydrogen sulfide gases can 
be toxic. Frequently, wastes at 
refuges and hatcheries may also fall 
into the “uncollected™ category. The 
substantial acreage and lack of easy 
access at some sites make collection 
difficult or virtually impossible in 
some instances. 


Conversion 





Energy can be recovered from 
waste through conversion processes. 
Systems for this purpose are discussed 
below, under the strategy for con- 
verting waste materials into useful 
products or energy, and in the Biomass 
section of Volume II, On-Site Genera- 
tion. 








Energy Costs and Credits 


Each stage in the waste manage- 
ment process involves energy transfer. 
Knowing the energy costs and credits 
for each stage of the process will 
help you to devise a strategy for 
improving energy efficiency. Table 2, 
developed by the Portland Recycling 
Team, identifies these costs and 
credits. For instance, the disposal 
of wastes by users involves minimal 
energy costs in Btu per ton of refuse 
handled. However, recycling of 
materials by individuals may be very 
expensive in energy terms. Energy 
coste begin to rise in the initial 
processing stage, and become partic- 
ularly steep for additional transpor- 
tation and final processing. At the 





final processing site, however, energy 
may actually be recovered, using such 
systems as pyrolysis, recycling, com- 
posting, and burning refuse-derived 
fuel. Using other systems, particu- 
larly incineration, may involve 
enormous energy costs. For example, 
at the final processing stage, recy- 
cling recovered materials may yield 
12,335,400 Btus per ton while inciner- 
ation will result in a loss of 
63,500,000 Btus per ton. 


STRATEGIES FOR ENERGY 
CONSERVATION 


Reduce Waste 


Americans tend to be free with 
their throwaways. In 1975, Americans 
threw away 8 million tons of news- 
paper, nearly 3 million tons of paper 
products such as napkins and paper 
plates, more than 2 million tons of 
major appliances, 22 million tons of 
food and £5 46 million tons of 
packaging. By throwing away these 
materials, Americans also threw away 
much of the energy used to create 
them. When waste is reduced, overall 
use of energy also goes down. 

Identifying major sources of your 
waste and then working to reduce them 
can be an important energy saver that 
may involve little or no cost. To 
develop this strategy, it is helpful 
to know what is being discarded. Does 
the site waste stream contain many 
disposable items or products contained 
in useless packaging materials? 
Purchasing products with longer life- 
times or reusable products rather than 
disposables will rejuce replacement 
needs and disposa: problems. 

Because GSA supplies U.S. govern- 
ment sites with many products, there 
may be some constraints on the extent 
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Table2 Energy Costs and Credits of Refuse Disposal Subsystems 
(Thousands of Btu per ton) 
(Source: Reference (2)) 





























ser disposal Home disposal negligible 0 0 
Home separation of recyclables 8.4 0 -8.4 
with truck pick-up and delivery 
to recycling center 
Home separation of recyclables 428.0 0 -428.0 
with auto delivery to recycling 
center 

Initial Truck haul, 10 miles 94.6 0 -94.6 

transport 

Initial Landfill of waste 73.0 0 -73.0 

processing Handpicking of cardboard negligible of 0 
Shredding 175.6 of -175.6 
Magnetic separation 13.1 o* “13.1 
Air classification 39.0 of -39.0 
Baling 142.1 0 -142.1 
Hand separation at recycling 175.7 o* -175.7 
center 

Additional Haul to processing center, 435.4 0 ~435.4 

transport 80 miles 
Haul to final processing, 62.5 0 -62.5 
10 miles 

Final Incineration 63,500 0 -63,500 

processing Waterwall incineration** 63,500 13,550 -49,950 
Electrical generation with 64,234 23,692 -40 ,542 
steam-turbine 
Pyrolysis 779.6 5,000 +4,220.4 
Recycling of recovered 1,370.6 13,706.0} #12,335.4 
materials 
Recycling cardboard 6.6 66 +59.4 
Firing refuse-aerived fuel 0 9,200 +9,200 
(RDF) in existing boilers 
Composting and methane 842.2 15,733 +14,870.8 
recovery 
Fiber recovery 1,200 3,200 +2,000 
Landfill of residue 73 0 -73 

















*Energy credit of recovered materials in final processing section. 
**These values assume a 400 ton-per-day incinerator producing 100,000 pounds 
of steam per hour. 
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to which these measures can be imple- 
mented, although the strategy is worth 
encouraging. 


improve the Energy Efficiency 
of Waste Handling Procedures 


and Equipment 


Transportation of waste consumes 
energy in both the collection and 
disposal stages of waste handling, and 
may be made more efficient in many 
ways. Vehicles should not be over- 
sized in relation to the amounts of 
waste they collect. In some cases, 
gasoline or diesel-powered trucks may 
be replaced with horse-drawn carts. 
Careful evaluation should be made of 
special equipment needed in vehicles 
used for both collection and disposal. 
For example, the energy used by col- 
lection vehicles for shredding, chop- 
ping and grinding will allow wastes to 
be packed and transported more effi- 
ciently. Also, by producing high 
density wastes, overall energy costs 
for transportation and disposal may be 
reduced. If wastes are to be con- 
verted to energy, compaction equipment 
may be needed. Disposal methods such 
as open dumps and sanitary landfills 
require use of tracked crawlers or 
tractor-type spreaders. When these 
vehicles are selected, energy use 
should be carefully plotted with the 
function the equipment is intended to 
serve. 

Knowing how much and what kinds 
of waste are generated by employees 
and visitors is also important in 
developing an energy-saving program. 
Noting seasonal variations can improve 
the energy efficiency of collection. 
Planning routes to save on mileage can 
save gasoline. Furthermore, if recy- 
cling is being introduced (see below) 
or if recycling efforts are being 
stepped up, some method for separating 
recyclables from regular wastes may be 


183 








needed. If recyclables are collected 
separately, the volume of wastes will 
be reduced, which may in turn allow 
use of smaller vehicles. 


Recover and Recycle Waste Materials 


As it becomes necessary to dr-11 
deeper and deeper for oil and ores 
used in the production of metals and 
travel farther from refineries/mills 
to extract these resources, more 
energy must be expended to produce 
the finished products from the raw 
material. It takes much less energy 
to produce aluminum and other metals 
from scrap than from virgin ore. The 
same is true of glass and may someday 
be true of new recyclable plastics. 
Therefore, recycling may become an 
important and necessary method for 
conserving the nation's energy. 
Recycling of paper, wood, glass, 
metals, rubber, and certain types of 
plastic waste products, while not 
necessarily contributing to the con- 
servation of energy in the site, may 
benefit a larger system -- the country 
as a whole. 

The method used for collecting 
recyclables is critical to overall 
energy savings. Separation of recy- 
clables from wastes at the source and 
use of energy efficient vehicles can 
help make recycling cost-effective. 
That is, the overall recycling energy 
costs should be less than the costs 
for producing products from raw 
materials. Some recycled products, 
particularly aluminum cans, have a 
monetary value, so the site may have 
the opportunity to make money while 
saving energy. Some materials can 
also be reused without much proces- 
sing, such as wood chips for trails 
and asphalt for roads. 
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Convert Waste Materials into 
Useful Products or Energy 


Wastes often represent valuable 
resources, and can be used as the raw 
material for systems and processes 
that produce useful products or 
energy. If this can be accomplished, 
wastes become an energy input of value 
to the system and improve its overall 
efficiency. However, considerable 
caution is needed in planning a strat- 
egy of this kind. Potential for 
recovering energy from waste is some- 
times overestimated. The usability or 
marketability of recovered energy or 
products must be considered. For 
instance, if low grade fuels are 
recovered from agricultural wastes, 
will the fuels be useful in site 
operations, or meet some off-site 
demand? If neither result applies, 
there may be no reason to implement 
the conversion system. Also, most 
conversion systems, to operate effi- 
ciently and cost-effectively, require 
large, steady volumes of waste. Most 
sites do not generate enough waste for 
them to be practicable. 

Energy released by conversion 
processes may be used: 1) directly in 
the form of electricity or heat, or 
2) indirectly in the form of products 
that generate energy through indirect 
means, such as the use of fertilizer 
to help plants grow. The plants serve 
as food for animals and humans. In 
turn, animals and humans use this 
energy to do work. 

There are two major categories of 
available conversion systems -- ther- 
mal systems and biological systems. 
Thermal systems demand heat to burn 
wastes or convert them to fuels. In 
biological systems, organic decomposi- 
tion occurs. 

An introduction to different 
types of systems and processes in each 
category is given below. Some of 
those introduced here are handled more 


fully in other sections of the mater- © 
ials. 


Thermal Systems 





Available thermal systems include 
incinerators and pyrolitic converters, 
which are discussed at greater length 
in the Biomass section of Volume II, 
On-Site Generation. 








Conventional incineration systems 
are heavy users of energy, but can be 
modified or replaced with components 
or systems that capture the energy 
released in combustion for a useful 
purpose. Incinerators need elec- 
tricity for charging and control 
facilities, lighting, and power 
for fans, pumps, cranes, air polluz.) 
tion devices and other equipment. 
Larger plants also draw energy to 
supply services for the personnel that 
run them, such as drinking water, 
heating and hot water, and sanitary 
facilities. © 

Incinerators dispose of wastes by 
reducing them to ash (an excellent 
source of nitrogen for agricultural 
purposes) with waste heat escaping in 
the process. By attaching one of the 
many types of heat exchangers, the 
heat produced by the incinerator can 
be used to heat water and supply 
nearby buildings with hot water and 
space heat. The large amounts of 
waste heat produced by incinerators 
may also be used to produce steam, 
which can be used to turn generators 
to supply electricity to the site. 

The composition of wastes, which 
varies with the season, affects both 
the heat content of refuse and the 
energy that must be supplied during 
the combustion operation. Variations 
in composition should be taken into 
account when designing such a system 
or its add-on units. An optimum fur- 
nace temperature should be maintained. 

Pyrolitic converters can convert 
many wastes that would otherwise be 
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difficult to dispose of, especially 
agricultural wastes, into efficient 
fuels. Pyrolysis is the chemical 
decomposition of wastes in the absence 
of oxygen. Materials such as peanut 
hulls, sawdust, and wood waste that 
are inefficient fuels in their natural 
state can become efficient fuels when 
burned in an oxygen-starved environ- 
ment and compressed into charcoal-like 
briquettes. At the same time, pyroly- 
sis converts these wastes into a low 
Btu gas and a heavy tar-like oil which 
has a lower Btu value than ordinary 
fuel. Where the right type of waste 
is in abundant supply, the pyrolytic 
method can be energy conserving. 

Pilot plants for this conversion 
method have been in operation for a 
long time. They have effectively 
demonstrated the ability of these 
systems to produce more energy than 
they consume. 


Biological Systems 





Several types of biological con- 
version systems are worthy of inter- 
est, including composting, anaerobic 
and aerobic digestion, the new CANWEL 
system under development in Canada, 
enzymatic and acid hydrolysis and 
biological toilets. Anaerobic diges- 
tion, a process that has many poten- 
tial applications at NPS and FWS 
sites, is covered more fully in the 
Biomass section of Volume II, On-Site 
Generation. Biological systems for 
wastewater treatment are also discus- 
sed in the section on Water 
Conservation. 

Composting is the biochemical 
decomposition of organic solid wastes 
which produces a humus-like substance 
used for soil conditioning. Com- 
posting can occur outdoors using 
a mechanical system. Five basic 
steps are involved in composting: 
preparation, digestion, curing, 
finishing, and storage or disposal. 





(6) 
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Organic wastes must be separated from 
noncompostable wastes. Then 
shredders, grinders, and choppers can 
be used to prepare wastes for diges- 
tion. Digestion can occur when the 
refuse is ground and moistened and 
then conveyed to an outdoor decomposi- 
tion area. Compost is then cured and 
dried. If needed, it is finished by 
regrinding and screening. Finally, it 
is marketed or put to use. 

Composting can be performed in 
simple compost piles outside a build- 
ing or in a complex mechanical system 
requiring a building and heavy equip- 
ment. To decide whether or not com- 
posting would be beneficial to a site, 
a close look should be taken at poten- 
tial uses for the finished product 
because compost is not easily 
marketed. 

Composting processes are best 
located in rural areas, although some 
muricipalities are investigating the 
possibilities of lLandfill-size compost 
piles. In this variation, deep 
trenches are dug to hold the trash, 
earth is used for cover, and the trash 
is left to sit for specified periods 
of time. The compost produced is then 
scooped out, packaged and sold as a 
humus-type soil conditioner. 

Some caution is necessary in 
dealing with the anaerobic digesters 
which produce methane gas and its 
derivat ve, methanol, as well as high- 
quality fertilizers and solid fuels. 
Agricultural, aquacultural, and some 
industrial wastes can be effectively 
managed in an energy conserving and 
productive manner. 

Aerobic digesters require oxygen 
from the air for conversion action to 
occur. Oxygen is made available 
throughout the system by stirring the 
dry wastes or bubbling oxygen through 
the wet slurry. (If sufficient oxygen 
is not available, the system becomes 
anaerobic.) The aerobic system pro- 


duces usable solids (fertilizer) and 
These systems normally operate 


water. 
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at higher temperatures than ang -robic 
systems. Therefore, they kill patho- 
genic bacteria and other interasal 
organisms much more quickly. Some 
technical and practical proble.s 
remain to be solved before thea: 
systems will be readily availabie. 

A household waste disposal . ystem 
called CANWEL (Canadian Water Ene. ey 
Loop) hes been designed to treat 
sewage and household garbage. It has 
definite possibilities as an energy 
saver because it cleans and recircu- 
lates wastewater for low quality use 
in toilets or high quality use in 
drinking and cooking water.(7) Using 
an incineration process, sewage sludge 
and kitchen garbage are burned, and 
the heat that is generated is used to 
supply hot water. ‘5) .. prototype 
CANWEL system has been operating suc- 
cessfully at the Ontario Research 
Foundation, Sheridan Park, Missis- 
sauga, Ontario for 2 1/2 years. 

There are two hydrolysis methods 
available for converting organic 
cellulosic wastes to energy: enzy- 
matic hydrolysis and acid hydrolysis. 
Enzymatic hydrolysis is a method for 
using enzymes to break down wastes 
into sugar, which can be converted to 
alcohol (ethanol). Acid hydrolysis 
uses acid rather than enzyme with the 
same end results. 

Table 3 shows the advantages and 
disadvantages of both enzymatic 
hydrolysis and acid hydrolysis. In 
the future, some sites may be able to 
use hydrolysis processes to convert 
wastes into energy. 

Biological systems have been 
developed to handle toilet wastes. 
These systems require the addition of 
bacteria and enzymes periodically to 
turn wastes into water. The water is 
then recirculated to the toilet. (12) 
Biological toilets are energy saving, 
and they have the added benefit of 
conserving water. 








To implement the concepts just 
discussed, your step-by-step guide for 
saving energy and resources through 
your site's waste management program 
is provided below. 

Energy conservation in waste 
manazement has four maior components: 


@ reducing the amount of waste 
produced. 


@ improving the energy effi- 
ciency of waste handling pro- 
cedures and equipment. 


@ recovering and recycling waste 
materials. 


@ converting waste materials 
inte useful products or 
energy. 


Measures in this section are organized 
into these four areas. 

The process for this section is a 
simple one consisting of only three 
steps: 


Step 1 - Familiarize yourself with the 
material in the preceding pages on 
Waste Management. 











If you have not already read this 
materizl you should do so before you 
begin vour work on the "Planning 
Process." It will give you an over- 
view of waste management from an 
energy perspective; it will explain 
the organization of the measures for 
this section; it will define some 
terms; and it should give you some new 
ideas. 
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Table3 Advantages and Disadvantages of Hydrolysis and Fermentation of Cellulosic 


Wastes 
(Source: 


Reference ({11)) 








Process Advantages Disadvantages 
Enzyme Hydrolysis 1. Up to 90% conversion of 1. Initial pretreatment 
and Fermentation cellulose of refuse still to 
2. Glucose easy to store be optimized 
3. Careful operation not needed 2. Large scale demon- 
4. Not an energy intensive pro- stration still 
cess required 
5. Ethanol has a possible use 3. Limit to possible 
as a fuel markets for products(?) 
6. Alternate route to chemicals 
now made from fossil fuels, 
therefore conserving resources 
7. Complete utilization of wastes, 
lignin in sludge has possible 
use as fuel 
8. Yields of scale-up predictably 
reliable 
9. Products can be cheaply pro- 
duced 
Acid Hydrolysis and 1. Glucose is easy to store 1. Corrosion resistant 
Fermentation 2. Ethar>l has possible use as equipment needed 
a fuel 2. Careful regulation of 
3. Alternate route to chemicals temperature and pH 
now made from fossil fuels required 
4. Costs of sugar and ethanol 3. Only 50% conversion 
highly competitive 4. Treatment of sludge 
5. Energy requirements 
6. Large scale demon- 
stration still to be 
proven 
7. Limit to possible 








markets for products(?) 
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Step 2 - Work through the measures 
designated "I" contained on Work- 
sheets I, Potential Conservation 
Measures. 











All refuges and hatcheries can 
reduce the amount of waste materials 
that they produce. In general, the 
measures which lead to a reduction in 
waste are not costly since they 
usually involve changing attitudes, 
habits, and behavior rather than buy- 
ing and installing new equipment. New 
policies, combined with training or 
incentive programs, may be required to 
effect these changes, however, since 
these habits may be deeply ingrained. 

To make it easier for each refuge 
or hatchery to consider waste-reduc ing 
opportunities, several measures have 
been designated "i" for “immediate 
prio, ‘ty." Work through these mea- 
sures i‘rst. In addition, the 
planning .«ocess can be streamlined 
for this group of measures, and 4 of 
the 10 columns on Worksheets II, 
Measures Evaluation may be omitted. 
These columns are: 


potential benefits 
first check point 
sav ings 

payback period. 


It will be difficult if not impossible 
for you to calculate savings and pay- 
back period for these measures. In 
some instances you will see tangible 
results - reducing office paper waste 
and reusing paper may reduce need for 
collection and reduce expenditures on 
paper supplies. These results would 
be difficult to predict accurately, 
however, and some actions will produce 
even less measurable outcomes. 

You should think of how the broad 
measure could apply to your refuge or 
hatchery, and write specific actions 
your site could take. These specific 
activities then become the actual 
measures that you work through on the 


measures evaluat on. For example, 
under the first guideline, “reduce the 
quantity of products and materials 
used," you could plan to reduce the 
number of copies of memos to staff by 
posting a single copy on a convenient 
bulletin board. Under the second 
item, “get the most possible value 
from materials used,” you could plan 
to reuse the back of office paper for 
notes or draft typing. Using cloth 
instead of paper towels in kitchens or 
restrooms is an example of the third 
item, “buy reusable, durable products 
instead of disposables.“ And, fin- 
allv, cleaning products, foods, and 
office supplies are examples of pro- 
ducts that can be bought in bulk. 

In the area of reducing waste, 
you should not dismiss any measure as 
too small or insignificant, because 
changing attitudes and habits will 
have a snowball effect. In addition 
to modifying one habit, people will 
become more aware of wasteful prac- 
tices and will make other changes on 
their own, both in the way they per- 
form their jobs and in their private 
lives. Thus, this section is very 
important to energy conservation, 
particularly the incentive ideas which 
you develop. 


Step 3 - Select additional measures 





and complete Worksheets II, Measures 
Evaluation. 











For the remaining measures on the 
list marked “H" for “high priority" 
and “F" for requiring “further study, 
you should determine whether or not 
they apply to your site. Then choose 
those measures which you feel will be 
cost effective and produce the great- 
est energy savings. 

Use of the measures evaluation 
for the waste management section is 
similar to other such sections in the 


— Guide. area which you 
yi a ee though, is 
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recycling. In this area, your refuge 
probably will not realize a dollar or 
energy savings - in fact, it is more 
likely that such programs will actu- 
ally cost money and use more energy. 
The benefits from these programs 
accrue to the community as a whole in 
terms of energy conservation rather 
than to your site. Thus, a decision 
must be made as to whether the site 
vill spend money on a progran that 
will not directly return energy or 
dollar savings. Perhaps, like inter- 
pretive programs, the rationale for 
implementing a recycling program might 
be public education rather than direct 
energy or dollar savings. By seftine 
an example for the public and getting 
them involved in such a program, you 
may encourage them to change their 
behavior at home. 

If you decide to consider any of 
the measures for converting waste into 
useful products or energy, you should 
refer to corresponding sections in 
On-Site Generation, Volume II. 

A sample completed measures 
evaluation is included following the 
list of potential conservation 
measures. 








After you have compiled a list of 
potential conservation measures 
from Worksheets I for this section 
and have completed your Worksheets 
Il, you should review the material 
in the Introduction which explains 
how to pull all of your measures 
together into a comprehensive 
Energy Conservation Management 
Plan. 


REMEMBER: The measures you are 
considering for waste management 
are meant to be part of your total 
plan. 
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Measures Status Technical Reference ** 











1. REDUCE WASTE 


1.1 Reduce the quantity of products and 
materials used where they are not 
essential to the quality of work per- 
formed or services to be provided. !* 





——<_ ee ee 


1.2 Get the most sible valve from mater- 


ials usec. | ! 
1.3 Buy reusable, durable procucts instead | | Decision-Makers, 
of disposables. H | pp. 128-120 


1.4 Buy products in bulk to minimize the | 
waste of overpackaged goods. Transfer 
items to smaller containers on site if. 
necessary. 4 | 

2. IMPROVE THE ENERGY EFFICIENCY OF WASTE 

@ HANDLING PROCEDURES AND EQUIPMENT 


2.1 Provide a sufficient number of trash 
containers throughout the site. H 





2.2 Use enclosed trash containers. 4H Decision-Makers, 
Pp. 30-32 
2.3 Replace large stationary storage bins | 
and metal drums with bulk containers 
for mechanized collection or smaller 
lined containers. 4H 


(same as 2.2) 


2.4 Install trash containers and ashtrays 
in all vehicles - encourage staff to 


use then. ! 
2.5 Use covered trucks to carry waste Decision-Makers, 
materials to prevent scattering of pp. 46-52 


trash and the need for additional 
collection of litter. H 


2.6 Use signs to encourage staff and 
visitors to flatten cans, boxes, and 
other containers before discarding 
to reduce the volume of trash to be 
collected. | 


Yd] * | indicates immediate priority measures which should be considered first. 


** These references are part of a core library of materials which should accompany these 
energy conservat ion/management planning materials. 
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Current 
Meas Status Technical Reference 
2.7 Reduce energy use in transporting 
waste: 
| 
a) Use more efficient collection 
vehicles, and maintain these 
vehicles properly for maxinum 
efficiency (see Transportation | 
Section). H @ | 
b) Reduce frequency of collection, | Decision-Makers, 
recognizing health and environ- pp. 28-29 
mental considerations, | 
c) Locate disposal facilities as | 
n@ .f aS possible to waste sources. H | 
¢) Construct transfer facilities | Decision-Makers, 
for long hauls of trash to permit PP. 70-74 
use of larger, high-payload © 
vehicles. H 
e) Use trash compactors at the source, Handbook of Solid, 
on trucks, or at transfer sta- | pp. 182-3 
tions to reduce the volume of | | 
trash to be transported. H | 
f) Organize vehicle routing pattern | | ae 
for maximum efficiency. | Pe 3 
g) Deliver only full or nearly full | Trucker’s Guide, 
loads to the disposal or transfer | pp. 6 
area. | 
2.8 Use appropriately sized equipment for | | Decision-Makers, 
landfill operations. 4 | pp. 112-115 
2.9 Presort material before rag to | 
recover usable materia | 
2.10 Reduce energy consumed in sewage 
collection, treatment, and disposal | 
systems (see section on Water 
Conservation). F ®* 
* H indicates high priority measures which require significant investment Yd] 


bwt are certain of economic payoff. 


* F indicates which measures require further study to determine their economic 


feasibility. = 
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Curren 
Measures Status Technical Reference 
’ 
3. RECOVER AND RECYCLE WASTE MATERIALS | 
| 
; 
3.1 Use renewable rather than non- 
renewable products whetwver | 
possible. |! 
3.2 Consider source separa'.ion | Decision-Makers, 
and separate collection for p. 38 
renewable materials. H 
3.3 Collect and separate solid 
wastes in order to: ) 
a) Recover steel and tin. # Handbook of Solid, 
| spp. 282-285 
b) Recover aluminum. 4 Handbook of $01i4, 


@ a 
c) Recover paper products. H | + tt 4 
| pp. 38-4 


4) Recover newspaper. H tanrooh of $016. 
pp. 38-4 


e) Recover glass. H - id, 
pp. 283-291 


f) Recover wasve oils. | Fa 
| «spp. 142-14 


g) Recover asphalt. 4 


3.4 Install clearly labeled indoor 
and outdoor containers to collect ’ 
bottles and/or cans for use by ; | 
staff and visitors, particularily 
around refreshment stands, picnic | 
areas, and campgrounds. 4H | | 


3.5 Sell drinks in returnable rew able 
bottles with deposit or in return- 
able recyclable cans with deposit. | 








3.6 Review concession contracts to 
encourage recycling practices. | 
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Measures 





Tecinical Reference 








3.7 Use waste wood chips to cover 
trails and to surround plants. |! 


CONVERT WASTE MATERIALS INTO USEFUL 
PRODUCTS OR ENERGY 


Install alternative toilet 


systems. 


(See section on Water 


Conservation.) H 


sesgin a compost for organic, 
nonpathological wastes to 
produce fertilizer. lI 


Generate energy from wastes on 
site. 


a) 


b) 


Recover waste heat by install- 
ing heat exchangers. fF 


Combust biological waste to 
produce direct heat or steam 
heat. F 


Cogenerate electricity with 
combustion. F 


Produce methane from digestion 
of orcanic wastes. F 


Procuce licuid fuels (alcohols, 
oils) from organic wastes, fF 


Procuce fertilizers as a by- 
product of other processes. fF 


ee 


soodbye, pp. 43-49; 
Handbook of Solid, 





pp. 14-51 


OSG (Biomass) 


OSC (Biomass anc 
Cogeneration) 


OSG (Cogeneration) 


OSG (Biomass) 


Fuel and Enercy, 
pp. 25-29, 51, 56-59; 
Ener Agriculture, 
op. 271-286 


Handbook of Solid, 
pp. 27-32 

















WATER CONSERVATION 





The water used for this purpose is 
usually high quality and suitable for 
drinking, and it is contaminated with 
just a few pints of waste. There are 
several methods for reducing water use 
in this area, including leak detec- 
tion, modification of existing 
toilets, or replacement of existing 
systems with toilets that use less or 





leaks, and steps can be taken to 
repair it. 

Low-cost products are available 
today that can cut flush volume 10-407 
on an existing system. The volume of 
water used per flush can be reduced by 
installing inserts or toilet <4«es« in 
the tank. To allow a choice between 
light and heavy flushes, a dual flush 











Worksheet Ii: Measures Evaluation 





Measures 


Potential Benefits 


Action Required 
for 
Implementation 


Barriers to 
Implementation 


First 
Decision 
Point 





2.1 


2.7.b. 


3.3.b. 


Provide a sufficient number of 
trash containers - install an 
additional 10 lined containers 


Reduce frequency of collection 
from twice/week to once/week 
in administrative (non- 
restaurant) areas 


Recover and recycle aluminum 





Reduce litter 
Simplify collection 
due to less scatter- 
ing of trash 


Savings on fuel 
for collection 
vehicles 

Savings on staff 


~-—- 
— sem 


Energy savings over- 
all - not to park 
Set a good example 
for visitors - get 
them in the habit 

of recycling 


1938 





Purchase con- 
tainers 


Policy change 
Study volume of 
trash 


Policy 
Contact agency 
that purchases 
aluminum 





@ Trash containers 


are not attrac- 


tive and vasitors 


may object to 
their presence 
in scenic areas 


Potential odors 
and pests if 


food is involved 


Cost to park for 


collection and 
transportation 








Go on 


Go on 














Worksheet Il: Measures Evaluation (Part II) 








Cost Savings Payback Training Needs Motivation Problems 
($ and BTUs) Period and Incentives 
je $25-75, depend-je Staff time in| .5-2.5 yrs. None None 
ing on type of collecting 
container - litter - 
$250-$750 estimate 
$300-500/yr. 


@® Minimal - re- 

cord volume and 
type of trash . 
(will present 
containers be 


adequate ?) 

le Containers for |e Minimal - None @ Signs to inform visitors 
separate col- price for of program and encourage 
lection aluminum is them to participate 


@ Truck for week-| very low 
: ly collection 


~ 


Truck for trans‘ 
portation out 
of park 
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Core Sources 

Ener riculture and Waste Management, William J. Jewell (ed.), Ann 
Arbor, Michigan: Ann Arbor Science Publishers Inc., C. 1975. 
540 pp. 


These proceedings of the 1975 Cornell Agricultural Waste Management 
Conference cover the following subjects: 1) Energy consumed in food 
production, 2) Technology and Energy costs of pollution control, and 
3) Potential for prijJucing energy from agricultural wastes. Of 
particular interest are the articles on anaerobic digestion and 
biomass, although other methods of energy reclanation are investigated 
as well. Many of the articles are highly technical and address very 
specific problems. 


Decision-Makers Guide in Solid Waste Management, Washington, D.C.: Office 
of Solid Waste Management Programs, U.S. Environmental Protection 
Agency, 1976. (Available from U.S. Government Printing Office, 
#Sw-500). 





This guide presents the key issues of solid waste management in a 
decision-making context, attempting to anticipate all the important 
decisions that must be made in the effort to develop and operate solid 
waste programs in a responsive, cost-effective manner. Criteria for 
decision-making include costs, environmental factors, resource con- 
servation, and institutional factors. Each chapter presents an issue, 
describes the alternatives, gives the advantages and disadvantages, 
and concludes with a summary statcment. The issues covered include: 
collection; transfer stations and hauling to disposal sites; resource 
recovery from mixed wastes; sanitary landfilling; reducing waste 
generation; and special waste. 


Handbook of Solid Waste Disposal: Materials and Energy Recovery, Joseph L. 
Pavoni, John E. Heer, Jr., and D. Joseph gerty, ork: Von 
Nostrand Reinhold Company, C. 1975. 549 pp. 








The text presents an in depth description and critique of a wide 
variety of solid waste disposal and resource recovery processes cur- 
rently available. The major processes include: composting, incinera- 
tion, sanitary landfills, innovative disposal processes, materials and 
energy recovery processes, and Europear practices. Procedures for the 
selection of short-term and long-term solid waste management tech- 
niques are offered. 
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Fuel and Energy Production by Bioconversion of Waste Materials State-of- @ 
the-Art, Sylvia A. Ware, Silwer Spring, Maryland: Ebon Research 
Systems, NTIS #PB-258 499, 1976. 








This report is a state-of-the-art summary of biological processes for 
converting waste cellulosic materials agricultural, municipal and 
lumbering wastes) to fuels. It indicates the locations and quantities 
of suitable wastes and discusses the status of the current processing 
schemes. The processes covered are: 1) acid hydrolysis followed by 
fermentation; 2) enzyme hydrolysis followed by fermentation; 

3) anaerobic digestion of manure and municipal solid waste; and 

4) biophotolysis. Cost data for these systems are given and where 
possible compared. 


The report concluded that energy production by these methods on a 
national scale can, at best, produce the equivalent of only about 

3 million barrels of oil per day by 1980. These may be economical and 
environmentally acceptable means of waste management and need further 
study. 
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ll. 





Based on data from Fourth Report to Congress, Resource Recovery and 
Waste Reduction, U.S. Environmental Protection Agency, 1975, p. 15. 





1978 Sun Day Energy Watch Calendar, Oregon Department of Energy, 1978. 


Resource Conservation Through Citizen Involvement, Portland Recycling 
ean, > P- : 

Fourth Report to Congress Resource Recovery and Waste Reduction, U.S. 
Environmental Protection Agency, 1977, Pp. te 


Handbook of Solid Waste Disposal, Joseph L. Pavoni, John E. Heer, Jr., 
and D. Joseph Hagerty, 1975, p. 106. 




















Ibid. p. 14. 


Goodbye to the Flush Toilet, Carol Hupping Stoner (Ed.), 1977, p. %. 





Ibid. p. 3. 


Fuel and Ener Production by Bioconversion of Waste Materials 
State-of-the-Art, Ebon Research Systems, 1976, NTIS #PB-258 499, p. 28. 


Ibid. p. 3. 











Goodbye to the Flush Toilet, op. cit., p. 29. 
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This section on Water Conservation is part of 
a two volume Planning Guide designed to help you 
formulate on Srarall sltecapeci fic Erergy Conserva- 
tion Management Plan. It provides vou with back- 
ground information coemcerninge water usage as well 
as instructions for choosing and developing mea- © 


sures to reduce consumption and improve the energy 
efficiency of existing water systems. 








WATER CONSERVATION 


Enereyv is used to provide a 
number of desired functions in water 
systems. Water must be taken from its 
source at the watershed, pumped, puri- 








WATER AS AN ELEMENT 
OF THE SITE SYSTEM 








Water use is fast becoming a fied, and/or heated before consump- 
critical isswe to the nation. Larger tion. Same of the water used at «4 
demands on water sources are causing site will meed to be collected after 
shorteses, while legal and political use, and treated and disposed of 
battles ower water rights are on the through special methods before being 
increase. Dwe to pollution, the returned to the watershed. After 
quality of ground and surface vater treatment, some water may be recycled 
has gone down. Thus more energy is for primary or secondary uses. Pro- 
necessary to treat water sources to viding each of these functions invol- 
eliminate health hazards. Water con- ves energy waste. 
servation can provide one means for Just as we have come to assume 
easing these problems. that energy will always be available, 

Energy is required to provide we have also grown to take it for 
vater for consumption and to remove granted that there will always be 
and treat it when it becomes 4 vaste enough water available to meet our 
product. As with other energy-using everyday needs. We use water for many 
systems, those used to provide vater things, including: 


also waste energy. Figure | shows a 
pump used to push water through the 
pipes to the place where it will be 
consumed. Although the pump may be 
© 80% efficient, there is still some 
energy lost in the process. The 
amount of energy used to process water decoration and recreation 
depends to a large degree on two aquaculture and other process 
things -- the volume of water pro- uses 
cessed and the efficiency of the waste separation and transport. 
equipment used at each stage of the 
process. 


personal hygiene 

cleaning 

cooling or heating 
drinking and cooking 
irrigation and landscaping 





Electricity Desired Function 


(Flowing Water) 














© Figure? Energy Flow 








WATER CONSERVATION 





The water systems we use today 
may entail extravagant and unnecessary 
demands for supply, purification, 
collection, treatment, and disposal of 
fresh or reclained water. Although 
it’s unfortunate that existing systems 
are wasteful of two basic resources, 
it is aiso true that conservation 
opportunities in this area sare doubly 
Significant: in many cases, actions 
taken to conserve water will also 
yield energy savings. 


CONSERVATION ME ASURES 


To reduce waste of both water and 


energy, two broad strategies are out- 
lined below: 


1) Reduce water and enerey 
consumption, and 


2) Improve the energy efficiency 
of existing water systems. 


The first strategy involves 
limiting the amount of water or energy 
demanded throwgh reducing flow. The 
second involwes upgrading the perfor- 
mance of existing equipment and pro- 
cesses, such a6 pumps, heaters, and 
waste treatment facilities. The 
actual amount of energy required to 
perform a task can be found by physi- 
cal measurement and data collection. 
This can then be compared to a4 theo- 
retical or ideal amount of energy use 
for performing the same task, to 
identify potential for improvement. 
The two strategies are highly comple- 
mentary and overlap at points. For 
example, ome method for improving the 
efficiency of the pumping system at a 
fish hatchery may be to reduce the 
demand for water, thereby allowing 
installation of a emaller pump or one 
with variable speeds. 





In implementing both strategies, 
it is important to consider reducing 
or eliminating unnecessary process 
stages. For example, reducing the 
number of pumps used tc move water can 
yield considerable energy savings over 
time. 


Reduce Water and 
Energy Consumption 


The first conservation strategy 
is to reduce overall demand for water 
and energy by seeking to change both 
the pattern of usage and the appli- 
ances, showerheads, toilets, and other 
pieces of equipment which consume 
water for different functions. For 
each area vescribed below, there is an 
indication of its relative importance 
to otal water and water-related 
energy use, and a discussion of impor- 
tant conservation opportunities. 


General 


Because using large amounts of 
water has become second nature to most 
people, it is necessary to draw their 
attention to the need for conservation 
practices. Measures included in this 
category are general, in that they 
encourage shifts in attitude and 
behavior that will apply to many sit~- 
uations. 


Toilets 


The flush toilet is 4 leading 
water weer, consuming 5-7 gallons per 
flush. On the average, 4 person 
flushes five times per day. Forty 
percent of residential water wee is 
for toilet flushing, and in commercial 
and public facilities, the percentage 
of total water wee for flushing is 
considerably higher, approaching 907. 
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The water used for this purpose is 
usually high quality and suitable for 
drinking, and it is contaminated with 
just a few pints of waste. There are 
several methods for reducing water use 
in this area, including leak detec- 
tion, modification of existing 
toilets, or replacement of existing 
systems with toilets that use less or 
no water. 

Toilet leaks can waste thousands 
of gallons in a year's time. These 
can be detected by adding a few drops 
of food coloring to the tank, and 
watching to see if color shows up in 





leaks, and steps can be taken to 
repair it. 

Low-cost products are available 
today that can cut flush volume 10-40% 
om an existing system. The volume of 
water used per flush can be reduced by 
installing inserts or toilet J2m=s in 
the tank. To allow a choice between 
light and heavy flushes, a dua! flush 
unit can be attached. 

When purchasing new ¢guipment, 
one should consider aiternatives to 
the conventional toilet that will 
result in lower total energy and water 
costs. In Table 1, ##veral alterna- 





the bowl. If this occurs, the tank tive toilets are described. Some use 
Table 1 Water Use in Toilets (1) 
Maintenance Direct 
Type Design Features Problems Water Use Energy Use 
Conventional | 2 pieces -- toilet &| leaks 5-7 gallons none 
toilet tank per flush; 
suitable for 
greywater 
recycle 
Shallow trap | smaller tank & shal-| clogging due | 3-3.5 gal. none 
toilet lower trap than con-| to smaller per flush; 
ventional passageway suitable for 
greywater 
recycle 
Pressurized | wastes evacuated by | similar (or 2 quarts per | electricity 
flush toilet | gravity & air pres- | less) upkeep | flush 
sure propulsion than conven- 
tional 
Composter aerobic decomposi- occasional no water little or no 
toilet tion of kitchen & maintenance used electricity; 
toilet wastes; end & removal of can be solar 
product is a soil hums powered 
conditioner; air 
flow removes excess 
water as vapor 
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electricity, but do not use water. 
This can lead to a savings in energy 
for pumping, collection, treatment , 
and disposal of the water used in 
conventional systems. The savings mzy 
more than offset the energy used 
directly in these systems. 


Baths and Showers 





Approx'mately 30% of all the 
water used in a household is for bath- 
ing and showering. More important 
from an energy perspective, between 50 
and 75% of hot water use in the home 
is for this puzpose. Substantial 
energy and water savings can be real- 
ized by reducing flow and lowering hot 
water temperatures. There are three 
principal approaches for accomplishing 
this -- changing habits, refitting 
existing systems, and making wise 
choices in the selection of new equip- 
ment. 

Due to the availability of cheap 
and abundant supplies of both water 
and energy in the past, people have 
become accustomed to using large 
amounts of hot water for bathing and 
showering. With attitude and behavior 
changes, water and energy can be saved 
by showering for shorter time periods 
and by using a lighter water flow. 
Using lower temperature water helps to 
reduce energy demands for het water 
heating. 

Refitting existing systems also 
offers real opportunities for savings. 
A conventional stower head delivers 
five to six gallons per minute (gpm) 
at full flow.(2) This can be reduced 
by using flow restrictors, lower flow 
shower heads, or aerating heads. The 
flow rate on these units can range 
from a low of 1.3 gpm for an aerating 
head to as much as 4.3 gpm for a flow 
restricting head.(3) The costs for 


these units should be carefully 
compared against potential savings in 
energy and water before deciding on 





dich motel to install. Similar 
ézvices can also be used with faucets 
and can yield substantial savings. 
Also, hot water heaters may be ad- 
justed so that hot water is supplied 
at a lower temperature. 

Whea purchasing new equipment, 
tubs may be specified that will mini- 
mize the amount of water used for 
bathing, and flow restrictors or 
aerating devices can be installed in 
shower fixtures. 


Laundry 


Under normal circumstances, the 
laundry accounts for only about one~ 
seventh of total residential water 
usage. As savings are obtained by 
modifying toilets and showers, the 
laundry's percentage of total use will 
increase. Automatic washers are the 
principal energy-using systems in the 
laundry, consuming about 100 kWh of 
electricity per year, on the aver- 
age.(4) Indirectly, washers also 
require large amounts of energy to 
heat the (hot) water used in washing. 
Between 1.5 and 3 gallons of water are 
required for each pound of clothes 
washed in an automatic machine.(5) 

To realize savings in this area, the 
first step is to reduce hot water 
usage. If the machine has a water 
volume control, the appropriate amount 
of water should be chosen to corre- 
spond with the weight of the laundry. 


Kitchen and Cafeteria 





About 10% of total residential 
water use occurs in the kitchen. 
Although there is no single measure 
that will result in large energy and 
water savings in the kitchen, a little 
saved in many places will add up. In 
cafeterias and food service opera- 
tions, substantial savings may be 
possible in this area. Energy may be 
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conserved by reexamining routine prac- 
tices ano habits. For example, a 
common function performed in most 
kitchens *3 dishwashing. This can be 
done by hand or with a dishwasher, and 
the difference can have a considerable 
impact on energy use. Washing by hand 
requires less energy, and water can be 
conserved by using two basins -- one 
for washing and one for rinsing. Ho: 
water does not have to be kept running 
from the tap to get dishes clean and 
sanitary. 

If the dishwasher is used, it's 
more economical to wash a full load. 
The drying cycle may be reduced by 
adjusting the power dryer so only a 
small amount of heated air is deliv- 
ered. Regular maintenance, such as 
inspecting for leaks and cleaning 
spray nozzles, will improve the energy 
efficiency of the unit. In purchasing 
new equipment, low temperature dish- 
washing systems that use water heated 
to 110 F rather than 165 F or more 
are worthy of consideration. 


Landscaping, Irrigation, and Other 
Outdos: Uses 











Energy and water can be conserved 
in landscaping and irrigation by 
reducing the volume of water required 
and by improving the energy efficiency 
of existing systems and operations. 
There are many opportunities in volume 
reduction. First, drip irrigation may 
be used for crops or gardens. This 
system delivers water to plants drop 
by drop through pastic pipes. Used 
correctly, it provides plants with the 
exact amount of water they require 
without waste due to runoff and evap- 
oration. Second, monitoring soil 
moisture of lawns or gardens will 
indicate the appropriate time for 
watering. Third, proper application 
of mulching in conjunction with 
scheduled irrigation can reduce water 
runoff and evaporation. Fourth, in 


e 
aos 


areas where irrigation will be needed, 
piant species requiring little water 
or drought-resistant plants can be 
chosen. Green areas in arid climates 
that are maintained at high energy and 
water costs may be returned to their 
natural state. 

Direct and indirect energy use in 
this area can also be reduced by 
changing to lower quality water 
sources and by improving the operating 
efficiencies of equipment and syster<. 
Instead of using drinking quality 
water for irrigation and landscaping, 
using rain water or greywater (see 
definition under section #2, “Collec- 
tion, Treatment and Disposal") can 
yield dramatic energy savings. Wher- 
ever possible, pumps should be 
replaced with gravity flow systems. 
When methods for reducing water demand 
have been examined, the operating 
efficiency of purps, sprinkler 
systems, and other equipment should be 
tested and improved where necessary. 
Regular maintenance and repair can 
yield considerable savings over time. 


Fish Hatcheries 








Fish hatcheries present a special 
set of problems in dealing with water- 
related energy conservation. They use 
large amounts of water and are often 
specially designed for a particular 
location and set of conditions. 
Opportunities for energy and water 
savings, however, are often much 
larger for hatcheries than for compa- 
rable sites of the same size which do 
not use water for process use. 

In assessing conservation mea- 
sures, hatchery personnel must have a 
thorough understanding of actual 
demand for water and energy to perform 
needed tasks. For instance, it may be 
possible to reduce the volume of water 
pumped into raceways, but the amount 
of reduction possible will depend on 
how much is actually required for each 
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fish species. Equipment, such as 
pumps and water heaters, may have been 
designed to meet a high level of 
demand and may be operating at very 
low efficiencies under present condi- 
tions. In such cases, expensive mea- 
sures involving redesign and installa- 
tion of new equipment may be cost- 
effective, given rising energy costs. 

There are many methods for 
reducing the energy used for pumping 
at hatcheries. Pumps that operate at 
a single speed only may waste consid- 
erable amounts of electricity, when 
actual demand is for a fraction of the 
service provided. Installation of 
pumps with variable speeds can help to 
eliminate this problem. When hatcher- 
ies are planned or redesigned, every 
effort should be made in the design 
stages to use gravity flow instead of 
pumping. Diverting river or stream 
water by the use of conduits can offer 
large energy savings over the life of 
the facility. Although it may be more 
expensive at the outset, the reduction 
in life cycle costs can pay for the 
installation. 

Pumping water is also one of the 
best applications of both small-scale 
hydroelectric, wind mechanical and 
electric energy systems. Hydraulic 
rams run at virtually no energy cost 
and perform the added function of 
aerating pumped water. On-site energy 
sources should be explored wherever 
there are high energy demands for 
pumping and required environmental 
conditions appear favorable (see 
Volume II, On-Site Generation). 

Energy used for treatment can 
also be reduced by using raw water 
from the source, provided that 
adequate monitoring of water quality 
is performed. 

Because the volumes of water 
which must be heated are so great at 
some hatcheries, there are strong 
reasons to investigate alternative 
methods of heating, especially those 
using on-site energy sources. In 








particular, solar thermal equipment 
can be appropriate and highly cost- 
effective in many locations. Small- 
scale hydroelectric equipment may also 
be a possibility, especially when 
heating and pumping needs are com- 
bined. These equipment types should 
be investigated thoroughly for feasi- 
bility (see Volume II, On-Site 
Generation). ~~ 

Energy used in pumping and treat- 
ing waste water can be cut by several 
methods. First, wastes may be appro- 
priate for other uses, such as irriga- 
tion. Treatment then becomes unneccs- 
sary and the energy costs of that 
stage are fully avoided. Second, the 
efficiencies of existing equipment can 
be improved. Finally, on-site energy 
sources can be used to displace the 
conventional fuels in use at the 
present time. 


Cooling Systems 


Energy is used for cooling in 
many ways. A more complete discussion 
of how to improve the energy efficien- 
cy of such systems is presented in the 
Buildings sec.ion. Water use for 
cooling can involve substantial energy 
costs and can be reduced in several 
ways. Timing devices and controls can 
be used to limit water use to the time 
of actual need. Recycled water can be 
used for certain cooling processes, 
reducing demand for source water. 
Inefficient cooling equipment may be 
replaced with more efficient units. 
For example, an old, oversized refrig- 
eration system may be replaced with a 
modern, properly sized system to save 
considerable energy used for water 
cooling. 


Hot Water Systems 





Hot water systems in buildings 
are often tied into the furnaces, 
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boilers, and other equipment used for 
space heating. For this reason, mea- 
sures to improve the energy efficiency 
of hot water systems have been 
included and discussed in the section 
on Buildings. Because energy savings 
in this area are an important compo- 
nent of overall potential for water- 
related energy conservation, however, 
those measures are also listed in this 
section. 

The per wit energy costs of 
heating water are higher than the per 
unit costs to perform any other 
desired function with water. Energy 
used for heating domestic and basic 
service water is greater than for any 
other function in buildings except 
space heating and cooling. These 
systems often waste energy, and the 
potential conservation opportunities 
are great. 

Savings may be obtained by reduc- 
ing demand for hot water, reducing the 
average temperature, and improving the 
overall efficiency of the hot water 
heating and distribution system. In 
evaluating measures in this area, it 
is important to understand how demand 
can be modified, since saving a small 
amount of hot water will be equivalent 
to reducing demand for a large amount 
of unheated water. 


Efficiency of 
Systems 


The first strategy for energy and 
water savings -- reducing consumption 
-- should be complemented by the 
second -~- improving efficiency of 
existing systems. Measures should be 
taken which wiil amprove efficiency at 
each process stage. 


Water Source 





The primary energy use at this 
stage is for pumping. Pumps maintain 


of/D 


a certain rate of flow at a set pres- 
sure in pounds per square inch (PSI). 
Both the flow rate and the P51 can be 
adjusted downwards to save energy. 
Maintaining accurate records on hot 
and cold water supplied to the site 
will help in making such adjustments 
ani in monitoring demand over time. 
Regular maintenance can help assure 
that pumps are operating efficiently 
and that supply lines are in good 
condition. 


Purification 





There are two principal methods 
for reducing the amount of energy used 
for purification. The first of these 
is to use water of lower quality wher- 
ever possible. When less pure water 
is used, less energy is necessary to 
perform the desired functions of 
treatment and purification. This will 
be discussed further, under Collec- 
tion, Treatment, and Disposal, below. 





The second method is to improve the 


efficiency of purification systems and 
processes, such as filtration units. 


Collection, Treatment, and Disposal 








There are substantial opportun- 
ities for saving large amounts of 
energy and water at the stage of final 
collection, treatment, and disposal, 
since the processes used to accomplish 
these functions are often energy and 
water intensive. Conservation efforts 
at this stage may sometimes bring site 
managers into conflict with other 
government agencies. For an increased 
concern for high water quality levels 
has led the Public Health Service, the 
Environmental Protection Agency and 
state and local regulatory agencies to 
set high standards which require that 
contaminants be reduced to very low 
levels. This can involve substantial 
energy and water costs. By examining 
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water and water-related energy usage 
at the site, opportunities for 
conservation will emerge that do not 
necessarily result in reduced quality 
of effluent discharges. Analyzing 
these opportunities, however, will 
almost certainly cali for professional 
expertise and technical assistance, 
once a tentative strategy has been 

out lined. 

There are two prime approaches to 
take at this stage: reduce the volume 
of water treated by more advanced and 
energy-intensive processes, and 
improve the energy efficiency of those 
processes. 

In implementing the first 
approach, you start by identifying 
different streams of waste water. 
Greywater is water that has been used 
for cleaning, cooking, or other pur- 
poses, but which has not been contam- 
inated in a toilet. Blackwater is 
effluent from toilets. In California, 
where serious water shortages have 
prompted a recent reassessment of 
allowable uses for reclaimed greywater 
and blackwater, the State Water 
Reclamation Board has determined that 
reclaimed greywater can be reused 
without treatment for watering 
orchards, vineyards, and eced and 
fiber crops. With filtration and 
disinfection, it can alsu be used to 
irrigate fodder crops and irrigate 
pasturage for milk cows. Studies have 
shown that using greywater to fill 
toilet tanks can yield a 30 to 402% 
savings in water used for flushing. 

To implement these options, however, 
involves a thorough examination of 
plumbing codes; since some of them do 
not allow installation of separate 
plumbing for greywater and blackwater. 

A further reduction in demand for 
water treated by more advanced pro- 
cesses may be achieved by using 
reclaimed blackwater for certain pur- 
poses. This option must be carefully 
evaluated from the energy perspective, 
since more advanced treatment 








processes are required to reclaim 
fully contaminated water wastes. The 
California Water Reclamation Board 
allows the use of reclaimed blackwater 
for the following purposes: 


® irrigation of food crops by 
spray or surface methods 


@® irrigation of fodder, fiber, 
and seed crops 


@ landscape irrigation for such 
things as lawns, ornamentals, 
freeway landscape-:, ian4scape 
ponds, cemeterics and golf 
courses. 


Where this type of use involves sub- 
stantial energy costs for pumping from 
underground aquifers or remote sources 
of supply, blackwater reclamation may 
be a reasonable alternative. 

In general, the higher the 
required level of water quality, the 
more technically sophisticated and 
energy-intensive is the equipment 
needed to raise it to that level. 
There is a kind of ladder of energy 
intensity for treatment and disposal 
processes, with cesspools and septic 
tanks on the low rungs and advanced 
treatment processes, such as tertiary 
treatment, ion exchange, and reverse 
osmosis on the highest rungs. Septic 
tanks are used in rural areas and in 
some suburban locations where water 
percolates easily. They are tanks 
made of concrete or similar materials 
that retain solids from the waste 
water stream and allow water to run 
off into the surrounding earth. Since 
the solids are broken up by a4 process 
of anaerobic decomposition, no energy 
is required except what is occasion- 
ally needed for cleaning the tanks. 
In primary treatment, floating solids 
are removed by screening and heavier 
solids are removed after settling to 
the bottom. The sludge is then dis- 
posed of by landfill or incineration. 


All 











a ows 
FF. 


WORKSHEET 











WATER CONSERVATION 





Primery treatment, however, is usually 
inadequate to meet water quality 
standards. Phosphates, nitrates, and 
substantial quantities of oxygen- 
demanding substances remain in the 
effluent. In secondary treatment 
processes, chemical agents are added 
which cause further precipitation of 
undesirable chemicals and bacteria. 
When these settle, they are removed 
with scrapers and the sludge is dis- 
posed of. Chlorine may be added to 
kill remaining microorganisms. In 
tertiary treatment, a series of cher- 
ical and physical processes reduce 
contaminants, such as phosphates, 
nitrates, and other dissolved solids. 
It involves high energy consumption, 
chemical consumption, and sludge- 
handling problems. 

A thorough analysis of water 
quality levels, the demand for 
advanced treatment, and the volume of 
water handl.d at each level can reveal 
applications for water treated at the 
lower rungs of the ladder of energy- 
intensive processes. Since disposal 
of sludge in landfill operations can 
also involve energy costs, these 
should be included as part of the 
analysis. 

The second approach -- improving 
the efficiency of equipment and 
systems used for collection, treat- 
ment, and disposal -- can be accom 
plished as part of routine mainte- 
nance, for the most part. For techni- 
cally sophisticated systems, special 
engineering expertise may be required 
to determine whether the system is 
operating at peak efficiency. 


The planning process to be fol- 
lowed in completing this section is 
similar to the general planning 
approach described in the Introduction 


Bla 





and should belp you in formulating 
your comprehensive water conservation 
strategy based on the information just 
presented. 

The overall steps to be followed 
to complete this section are: 


Step 1. Review the material on water 
conservation in the preceding pages. 








This material provides an over- 
view of strategies for reducing water 
and energy consumption and explains 
the organization of the measures for 
water and energy conservation. 


Step 2. Collect preliminary data. 





Before you can make decisions on 
how to reduce water and energy con- 
sumption, you need to find out how 
mich is used at your refuge or hatch- 
ery, and for what purposes. 


Step 3}. Review Worksheets I, Poten- 
tial Water Conservation measures 
designated "I" for “immediate 
priority.” 

You will find that a4 large oumber 
of water conservation measures can be 
implemented by a little consc iousness- 
raising and habit changing. For 
example, it is really just as easy to 
collect some hot water in the sink for 
shaving as it is to let the hot water 
run. A little positive thinking in 
cases like this will begin the conser- 
vation effort. 

You should begin this section by 
reviewing the measures designated "I" 
and figuring out how they can be 
implemented at your refuge or hatch- 
ery. Few of them require money; most 
will require a policy, staff training, 
or an incentive program. Since 
savings and payback will be difficult 
to calculate and the benefits to be 
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derived from these measures are 
obvious, the planning process can be 
shortened somewhat for this group of 
measures. When considering them, you 
may omit 4 of the 10 columns on the 
planning worksheet: 


potential benefits 
first check point 
sav ings 

payback period. 


As you work through these measures, 
focus on how you can get people 
involved in water conservation by 
raising their awareness and interest. 
A successful water conservation aware- 
ness program may include brochures, 
posters, stickers, etc. Materials are 
frequently available from local water 
commissions or companies. If you 
succeed in this, your efforts will 
have much greater impact since people 
will take new attitudes into their 
homes as well as their work 
environment . 


Step +. Assess the value and 
feasibility of measures involving 
Significant expense or technical 
changes on the planning worksheets. 














Of the remaining measures, where 
substantial cost is involved, the 
process calls for an assessment of 
applicability, feasibility and value. 
Some of the measures will not even 
apply to your situation. Some will 
not be feasible due to extensive 
modification costs or other incompat- 
ibilities. The remaining should be 
given a benefit/cost analysis so that 
priorities .<cr be set. 

For the measures requiring a 
major capital outlay, it will gener- 
ally be best to enlist the aid of an 
engineering economist. Usually there 
are other issues involved, such as a 
need for additional water supply or 
increased sewage treatment plant 








capacity and/or performance. When 
these issues come up it is best to 
consider all elements cogether with an 
in-depth analysis. Your pr2liminary 
assessment of these projects on the 
Worksheets II, Measures Evaluation 
will determine which are worthy of 
further study and will provide an 
outside expert with a valuable founda- 
tion for the in-depth assessment . 

To help you reach decisions 
regarding water and energy conserva- 
tion measures, several Data Forms have 
been prepared for your use. They 
include: 


Data Form |: Water Use Reduction, 


p. 13 


Several methods are presented for 
calculating reduction in water use 
that can be achieved through imple- 
menting conservation measures. 





Data Form 2: Equipment Efficiency 
Form, p. 14 








A simple formula is presented and 
explained that will allow you to cal- 
culate the efficiency of certain 
important pieces of equipment, part i- 
cularly hot water heaters and pumps. 


Data Form 3: Energy Use Reduction, 
p. 15 


Methods are presented for calcu- 
lating reductions in energy use that 
can be achieved by reducing water use 
and/or improving the efficiency of 
existing equipment and processes. 

As you are working through the 
measures, you may find it helpful to 
pose the following questions: 





@ can water flow be reduced or 
eliminated at the point of use 
without adverse effects? 
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© ® can the pressure or tempera- 
ture of the water at the point 
of use be lowered without 
adverse effects? 


@ can the water quality at the 
points of use be lowered with- 
out adverse effects? 


@ are the wastewater treatment 
processes used appropriate for 
each use, or can adjustments 
be made to improve overall 
efficiency, quality and energy 
efficiency without adverse 
effects? 


@ can processing equipment effi- 
ciency within the facility be 
improved? 


When you consider potential barriers 
to implementation of the measures, you 
should be aware of nonfinancial, social 
and environmental factors as well as 

© those which are related to technical, 
funding and implementation concerns. 
These include consideration of: 


@ safety 

@ aesthetics 
@ reliability 
@ flexibility 


@ compatibility with existing 
systems 


@ operability and ease of 
maintenance 


® primary and secondary 
environmental effects 


e@ use of renewable resources. 
A sample completed planning worksheet 


is included following the list of 
© potential conservation measures. 





aly 











After you have compiled a list of 
potential conservation measures 
for this section and have con- 
pleted your planning worksheets, 
you should review the material in 
the Introduction which explains 
how to pull all of your measures 
together into a comprehensive 
Energy Conservation Management 
Plan. 


REMFMBER: The measures you are 
considering for water conservation 
are meant to be a part of your 
total plan. 
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It is important to remember that these forms should be used only when they 
help you to make calculations that assist in the planszing process. 


Data Form 1, Water Use Reduction, may be used to estimate, on an annual 
basis, the potential annual water savings from « given measure. Two methods are 
presented for doing this. Method | should be used when you are certain of both 
the present water use for a given unit - such as the nunoer of gallons used to 
flush a toilet - and the amount of savings to be obtained from installing « new 
unit or taking other measures. For example, if you know you'll save 2.5 gallons 
per flush by installing toilet dams, insert that figure under “Water Savings/ 
Use/Unit™ and wera the calculation. Method 2 should be used for such items as 
showerheads, flow restrictors, or other new pieces of equipment or prar-tices 
that improve efficiency by reducing the rate of flow. To use this metind, 
insert information on flow in the column marked “Gallons/minute.” The 
calculation is then worked owt to give total annual usage. Annual usage using 
the new equipment is then subtracted from the annual usage using the present 
system, to give annual savings. 


Data Form 3, Energy Use Reduction, may be used to calculate the amount of 
energy saved by changing equipment or practices. To use the form you should 
have obtained a per unit energy factor by dividing annual water use 
(A) in a process, by the annual energy consumption (8) for the same process. In 
Method 1, this is multiplied by the total number of units, such as gallons of 
water, to give total energy consumption for that process. The calculation can 
be performed using annual data for any other period of time, such as a day, a 
month, or a quarter. Use the per unit energy factor for your new piece of 
equipment or practice and when you have performed the calculation, subtract the 
figure from the one for your existing equipment or practice to find the energy 
savings. Use Method 2 when you are estimating the energy savings that will come 
from reducing water volume. Multiply the amount of water saved by the annual 
per wnit energy factor for that process to give the annual energy savings. 
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MEASURE (1) 








Present Equipment 
or Practice 


New Equipment 
or Practice (2) 
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DATA FORM I By : 
WATER USE REDUICTICN Date: 
(gallons) 
Water Savings/ Unit Uses/ Mo. Units (3) Days/Yr. Annual 
Use/unit (2) Day (3) Savings 
x x x - 
Gallons /minute Minutes/use Unit Uses/Day No. Units Days/yt. 
* x * 7 
x x x x 
Annual 
Savings 
(x - y) 


Annual Usege 








(x) 


ty) 
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DATA FORM 2 
EXAPLE “QUIPMENT EPFICIEMCY CALCULATION 


To determine the efficiency of particular pieces of equipment, several factors 
are required: 


A. Total volume of water pt <essed in «4 given period (x). 

8. Awerage work anits performed (e.5. °F temperature rise for hot water). 

Cc. Ideal energy use per work amit. This is « theoretical figure for the amount 
of energy require’ to perform the work, sseuming 190% efficiency. (Por 
water heating, this is 8.31 Stu to raise one gallor of water one “F. for 
pumping. it is .0247 Btu to reise one gallon of water one PEI.) 

>. Total power or energy consumption used for the process, Guring the given 





perioég (x). 
| c. The comversion factor from anits of power or energy (kWhr of gallons of 
| feel) to Stu. 
| The formula used is: ) 
% Efficiency “4 BBS) ine 
Sat / 

Comversion Factors are: ? 
3,413 Btu/ ki he Ejectricity 
| 333,900 Btu/lOO Ft Natural Ges 


91,$00 Btu/Sellon Propane | 
439,600 Btu/Sellon #2 Fuel Oil 
$2,600 Btu/Galion 6 Pyvel Oil 


Example one: | 

' 

A pump operates at an average flow rete of 1° gallons per minute, 365 Gays per 
year. PSI is 20, and 2535 kWhr are used for pumping. What is the efficiency? 


Total volume = 10 GP™ = 60 minutes «a 24 hours a 365 Gays = 5,256,900 galions/yr. 
PSI = 209 

0247 = ideal energy use for one PSI. ) 
3,413= Btu/kWhr 


AmBaec * ® .O247 « d= 308 
Dat oF : ai ee | 


Example Teo: | 

An electric hot water heater, operating 265 days per year, raises weter 100°r. 
Sach day 190 gallons are heated. In @ year's time, the process has consumed 
14,812 KWhr. Wheat is the efficiency? 


Total Volume = 100 gallons = 345 = 36,500 

°F = 100 

%.31 = ideal energy use for one °y rise. 

14,8l2<= kWhe/ wear | 
* 4l)© Stu/ ithe 


AmBac = —_ : — x “7s - ——— * .5999, of 608 
D* 3 , ® »41 5°, $3,336 
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By 
DATA FORE ° ate 
EMERY USE REOUCTISS 
2 
Eaisting iyg.ipmert Anmeal) per wit Total, (ammuas wMus.) energzy 
of Practice energy factor wits core aagt 1 oF 
. - . 
Yew Equipment 
og Prectice (3) 
| >= 
@ Annual) enera savings a- 
Se se 
Water /olume Annual per umit Annaa. Energy 
Process Pe@'"tien Savings) enercy factor Savings: 
4] r 
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Current 
Measures Status Technical References** 
1. REDUCE ENERGY AND WATER CONSUMPTION 
1.1 
General 
a) Fix all water leaks immediately. I * 
b) Never put chemicals, paints, grease, | 
fats or oil down the drain. I | : 
c) Turn water on only when needed. | | | 
@) Avoid the use of filtering and | Residential, pp. 304-7 
softening units for purification of 
home drinking water. Il 
e) Encourage staff and visitors to use 
conserving practices. I 
© f) Install self-closing faucets wherever 
practical. I 
1.2 
Toilets 
a) Flush only urine, feces, and toilet pa- 
per down the toilet. I 
b) Locate and repair toilet leaxts immediate- 
ly. By adding a few drops of food color=| 
ing to the tank, you can easily locate 
small leaks that would otherwise be in- 
visible. I 
c) Reduce the toilet flush volume by adding Residential, pp. 
a plastic water-filled bottle or install-| 229-232 
ing other devices in the toilet tanks to | 
minimize the flush or leaks, such as dual 
flush devices, variable flush devices, 
leak sigraling ballcocks, or toilet dams. 
I 
@) Replace existing toilet tanks with 2-3 
gallon flush tanks. H ® 
** These references are part of a core library which should accompany these roy 
conservation/manacerent planning materials. 
l indicates Immediate Priority measures which should be considered first. 
H indicates High Priority measures which require significant investment but are 


certain of economic payoff. = 
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Current 
Measures Status | Technical References 
e) Consider installing urinals to reduce Residential, pp. 174-1768 
flush quantity t» 1.5 gallons. fF * | 
£) Consider installing automatic flush Residential, p. 176 
“trough” type urinals in high use areas.f | 
3) In renovations and new building con- | Residential, pp. 179-161, 
struction, install shallow trap | 185-187, 201-205; 
or composting toilets. H | Goodbye, pp. 36-41, 51-160 
| 
1.3 | | 
Bath and Shower | 
a) Install flow reducing shower heads Residential, pp. 239-243 
and faucet aerators. I! 
b) ConsiJer installing “air assisted” | Residential, pp. 255-257 © 
shower systems. H | 
c) Install a pressure/temperature mixing | Residcntial, pp. 248-252 
valve at each shower/tub. H | 
4) Change sink faucets to use foot Residential, p. 245 
controls that are automatic self-closing. 
H 
e) Change sinks and tubs to the minimum Residential, pp. 260-262 
volume type. H 
} 
1.4 
Laundry 
a) Install a “suds saver” to reduce amount | 
of warm water used. ! | 
b) Replace existing washers with a water | Residontial, pp. 281-285 
saving model that includes a suds saver.}| 
c) Use ld water for washing, whenever : 


* F indicates measures which require further study to determine their economic 


possible. | 


| 


feasibility. 


Bal 














WORKSHEET I 
































© WATER CONSERVATION 
Current} 
Measures Status | Technical References 
| | 
1.5 ! 
Kitchen (Cafeterias) 
a) Install sink flow reducing aerators. I! | 
‘ 
' 
b) Reduce the hot water supply temperature 
to the minimum acceptable. I | 
¢) Consider food cleaning utensils (such 
as peelers) and cooking utensils (such | 
as waterless cookers) that use less water. | 
a) Consider new refricerators with cold | Residential, pp. 270-271 
drinking water dispensers. fF 
e) Consider knee or foot controls to Residential, p. 245 
© operate kitchen faucets. H 
f) Consider installing a dishwasher since Residential, pp. 279-280 
it generally uses less water (for 
cafeteria units, make sure maximum re- 
use is made of all hot and soapy water). H 
g) Consider installing instant hot water Residential, pp. 274-275 
taps for hot beverages to avoid hot 
water standby losses. H 
h) Evaluate energy use of existing drinking Residential, pp. 272-273 
water coolers. I 
1.6 
fandscaping, Irrication, and Other Outdoor Uses 
a) Wash equipment and vehicles out of a 
bucket, using a hose for the final rinse 
only, and washing them less frequently. | 
b) Don't use water to “wash down” the 
sidewalk or driveway; use a broom. I! 
! 
c) Use heavy mulch coverings to prevent 








@ soi] drying. I | 
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|Current 
Measures | Status | Technical References 
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Gd) Leave grass at least 2” high to hold 
more dew and to shade the root systen. 
Some clover seeds help to keep the | 
lawn creen. I | 

' 
| 

e) Select plants that need little or no extra) | 

water. Study the wild vegetation in the | | 

area to get an indication of what is best. 

Water in the early morning -- try a ground 

soaking hose instead of sprinkling, if 

possible, to minimize losses by wind and | 

direct evaporation. I : 


f) Make sure the lawn sprinkler is properly 
aimed. I! 


3) Use pistol grip nozzles (spring shut off)  ] 
on all hoses to avoid waste and always 


turn off the main faucet when through to 
prevent waste. I 


h) Make major landscape changes and new 
planting just before the rainy season. I 


i) Recycle or turn off any decorative 
water displays or fountains. I 


j) Consider a rain water catchment and 
storage system for plant watering. H 


k) Consider recycling gray water for plant Goodbye, pp. 190-191 
watering. H 

1) Consider an electronically controlled Residential, pp. 333-339 
automatic sprinkler system or drip Orchard, p. 12 


irrigation system. F 











Aad 











WORKSHEET I 











328-332 





|Current 

Measures leoseun Technical References 
| 
: 

m) Use an instantaneous moisture Orchard, p. 16; 
indicator or other soil moisture | | Residential, pp. 
measuring technique to control | 
watering amounts. F | 

| 

n) Relandscape using materials that | 
don't require water. H | | 

| : 

©) Rework topography of landscaped | 
planted areas to prevent runoff. H | | 

p) Replace open header ditches in | Orchard, p. 15 
sandy soils with plastic pipe. Ff | 

| 
qg) Operate irrigation equipment at Orchard, p. 13, 17 


© r) 


s) 


t) 


u) 


maximum efficiency. I 

Shut off or provide spring operated 
faucets on all outdoor drinking 
fountains. I! 


Refrain from heating outdoor pools. 


Cover outdoor pools when not in use 
to minimize evaporation. I! 


Eliminate unnecessary waterings. 


(For exampie, let unnaturally “green” 
areas return to natural state.) I! 


Hatcheries 





b) 





Wherever possible, use gravity flow 
to avoid pumping. I! 


Design new raceways to use minimum 


umount of water for the species of 
fish to be raised. H 


Aay 
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c) 
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e) 


ft) 


3) 


h) 


1.8 


Cooling Systems | 





References 





Install separate pumps for separate 
tasks, using pumps sized for th 
specific task so that operation will 
be at optimum efficiency. 4 


(such as 
for pumping. 
Vol . 


Use renewab 
wind, or 
On-Site Ge 


le enersy 
éropower) 





Use renewable energy to heat raceway 
water to optimum spawning and rearing 
temperatures. (See On-Site Generation, 
Iii) fF 





Match the quality of water to its intended! 
use, thereby reducing purification costs. | 
(For example, consider using raw river 
water in raceways, purifying only when 
absolutely necessary.) fF 


Use waste water for irrigation. Ff 


use of water treatment processes 
including heating, | | 
reuse | 


Minimize 
requiring energy, 
chilling, ultraviolet treatment, 
and aeration. Ff 





a) 


b) 


c) 


if cost-effective, 
set to minimize “drain off” and | 


should be considered. fF 


Roof “spray” cooling, ECM-2, p. 
should be 


recycling 


“spray” cooling systems to | 
and | 


Control roof 
come “on” only during periods of need 
then only long enough to fully wet the 
roof surface. f ' 
~ooled air 


+ . > 7 
OT Pan) ,0Nn 
Z 


e+ 


place “once through” water 
conditioners if total energy 
with more efficient syst« 


excessive 
e section.) fF 


1A 


ine 
sw Ailaa 


Bui 
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Treatment, pp. 
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1.9 
Hot Water Systems 


| 


——— ee ee eee 





a) Make sure that hot and cold 
water piping to hot water tanks 
is properly installed and maintained. I | 


b) Consider installing point of use | 
water heaters to minimize standby losses. | f 


c) Consider eliminating hot water supply 
for certain tasks (for example, outdoor 
showers). F 


G) Consider alternative renewable fuels 
or waste heat to heat water and improve 
energy use efficiency. (See On-Site 


© Generation, Vol. 113) F 


@) Improve water heater efficiency. 
(See Buildings section.) I 





The following measures have been duplicated from 
the Buildings section of the Planning Guide as 
they pertain to energy conservation in water 
systems: 

£) Maintain systems properly: 


1) Test hot water controls to determine if 
they are working properly. (T)* F 








' 
7) Regulate, repair, or replace defective 
controls. (T) F 





3) Inspect and repair insulation on tanks 
and pipes regularly. |! 


ECM-2, pp. 115-116 


3) Insulate hot water storage tanks. | |  pem-2, p. 16 
h) Insulate hot water pipes. | : 


© (T): Technical assistance from an engineer or an | 


engineering economist is suggested. | 


= 
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i) Relocate water heater as close to the 
point of use as possible to reduce 
quantity of water stored in pipes. (T) F 


| 
| 
| 


3) If hot water is distributed through | 
forced circulation, turn off pump when | 
building is unoccupied. (TT) fF ' 

| 
| 
/ 





k) Limit duty cycle on electric water 
heaters to avoid adding to periods 
of peak electrical demand. (T) F 


1) If cooking facilities are used only on | 
occasion, deactivate hot water system 
when not in use. |! 


m) Reduce hot water temperature to ECM-2, p. 117 
90 -100 F. Use higher temperatures 
locally for kitchens, and other areas 
where it is needed. (T) F 








n) Use waste heat from other processes 
to preheat hot water. (T) Ff 


™ 
i) 
“4 
' 
eu 
» 
~ 
~ 
tJ 
we) 


©) Install separate boiler for sumer 
generation of hot water. (T) ff 





p) Replace central system with local ECM-2, pp. 117-120 
heating uni*s such as hot gas exchangers, 
hot drain eachangers, and hot condensate 
heat exchangers. (T) fr 








2. IMPROVE EFFICIENCY OF EXISTING SYSTEMS | | 


2.1 | 
Water Source 


a) Meter and record hot and coid water 
use at facilities to determine minimum | ) 
quality for use. ! | | 


b) Revise accounting procedures to eliminate! 
any discount for increased use of water. | 
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2) Install pressure reducing valves on 
ty water supply to lower pressure 
to 40-50 PSI to reduce flow (make sure 
that fire protection requirements are 
met and upper floor pressure is 
adequate). 4 


6) Reduce Gelivery pressure so that 
fs > 


ity pressure is 40-50 PSI max., 


e) Minimize supply iosses by inspe 
supply lines fer leaks and repa 
if required. | | 


f) Eliminate any unnecessary steps in 
providing water to users. 


a) Match the quality of water to intended 
use to minimize purification costs. 


1) Use grey water for toilet flushing 
anc irrigation. ; 


2) Catch and store rain water for 
irrigation. H 


3) Use recycled waste water. ; 


4) Reuse once used water fur a 
secondary use. | 


5S) Use raw water if possible. | 
b) Improve the purification process 

efficiency measuring the present 

efficiency against design. l 


GAP 
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qd) On-site waste water disposal methods. 


1) Consider using a conventional septic Septic, p. 38 
soil absorptio y & it 
tions, such as a seepage vit or seep- 
ace trench. (T 
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3) Consider sand filtration of septic or Treatment, p. 42 
aerobic effluent with or without chem- 
ical aids prior to sub-surface dis- 
charge. (T) F 


4) Consider total evapotranspiration with Goodbye, pp. 179-182 
or without manual assistance of 
evapotranspiration potential. (T) fF 


5) Consider evapotranspiration system with Goodbye, pp. 179-182 
infiltration/percolation allowance. (T) Ff 








6) Consider an integrated greenhouse Goodbye, pp. 185-187 
aquaculture system to provide food or 
fuel crop. (T) F 


e) Waste residual handling and management 
methods: 





1) Pump and transport solids to regional Treatment, pp. 31-50 
facilities for disposal with maximum re- 
covery of nutrients, cuch as landfill, 
composting and lacooning. F 








2) Consider on-site and off-site land Goodbye, p. 26 
application of solids as soil condition- 
ers or fertilizer. fF 





3) Consider biogas ceneration or other 
processes to generate energy while pro- 
viding for suitable disposal. (T)(See 
On-Site Generation, Vol. [I, Biomass.) fF ©} 
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Worksheet Ii: Measures Evaluation 


















Action Required First 
Measures Potential Benefits for Barriers to Decision 
Implement ation Implementation Point 
Instail water volume reducers in @ Save 187,500 gals. @ Puy reducers @ Possible visitor] Go on 
toilets 


of water annually 
@ More water avail- reduced water 
able to support level in toil- 
trees and vegetation ets 
@ Good example set 
for the public 


resistance to 
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Worksheet Il: Measures Evaluation (Part Il) 











! 
Cost Savings Payback Training Needs Motivation Problems 
($ and BTUs) Period and Incentives 
$23 - fixtures $46/yr. 1.8/yrs. None @ Put signs in rest 
360 - instal- 4,500 x 10° BTy rooms informing visi- 
_ lation tors of water and 
$82 total energy savings 
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WATER CONSERVATION 





1. Based on information from Residential Water Conservation by Murray Milne and 
Goodbye to the Flush Toilet, edited by Carol Hupping Stoner. 








2. “Saving Water in the Home: 2. When You Take a Shower," Consumer Reports. 
May, 1978, pp. 390-302. 





3. Ibid. 





4. Milne, Murray, Residential Water Conservation. Davis, CA: California Water 
Resources Center, University of California, Report #35, March 1976, p. 282. 





5. Springer, George S. and Gene E. Smith, The Energy-Saving Guidebook. 
Westport, CT: Technomic Publishing Co., Inc., p. 47. 














A36 








WATER CONSERVATION 





BIBLIOGRAPHY 
Core Sources 


A Guide to Energy Savings for the Orchard Grower. Washington, DC: U.S. Depart- 
ment of Agriculture, June 1977, 4° pp. 





Milne, Murray Residential Water Conservstion. Davis, CA: California Water 
Resources Center, University of California/Davis, Report #35, C. 1976. 469 pp. 





Stoner, Carol Hupping (ed.), Goodbye to the Flush Toilet. Emmaus, PA: Rodale 
Press, Inc., C. 1977, 285 pp. 








Treatment and Disposal Alternatives for Domestic Sewage Management. Washington, 
DC: The U.S. Department of Housing and Urban Development, 1978. 
G.P.0.#023-000-00445-3. 


Warshall, Peter, Septic Tank Practices. Bolinas, CA: Mesa Press, C. 1976. 





*CORE SOURCES (Buildings) 











Guidelines for Saving Energy in Existing Buildings (ECM2). Washington, DC: 
Federal Energy Administration, 1975.  (ECM-2) 


*CORE SOURCES (On-Site Generation) 





On-Site Generation. Arlington, VA: National Recreation and Park Assoc., with 
Earth Metabolic Design, New Haven, CT., 1978. (OSG) 





Secondary Sources 


A Customer Handbook on Water Savings and Waste Water Reduction. Hyattsville, 


MD: The Washington Suburban Sanitary Commission, May 1976. 





Konen, Thomas P., Arthur Lesser, Richard J. Orend, James P. Van Hook, Water 
Related Energy Conservation. Hoboken, NJ: Stevens Institute of Technology, 
Davidson Laboratory, 197). 








*Core books from other sections of the Planning Guide. 
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ABSTRACTS 
Core Sources 


A Guide to Energy Savings for the Orchard Grower, Washington, DC: U.S. 
Department of Agricul*ure, June 1977, 49 pp. 





This guidebook contains suggestions to help farmers use energy more 
prudently in the future. Topics covered include frost protection, 
fertilization, pesticide application, field operations (tillage, 
pruning, etc.), irrigation, and harvest. Of particular interest is 
the section that deals with irrigation. Methods for reducing energy 
consumption in ail the usual irrigation systems are suggested, and 
examples showing how each method can save energy and money are 
provided. 


Residential Water Conservation, Murray Milne, Reort #35, California Water 
Resources Center, University of California/Davis, C. 1976. 469 pp. 





As the title suggests, residential water conservation (both indoors 
and outdoors) is the focal point of the book. A history of water use, 
energy consumption patterns, and the hydrologic cycle serve as back- 
ground for this text. Economic aspects of water conservation suggest 
ways in which pricing mechanisms affect water consumption. The heart 
of the book is Chapter 6: Technological Alternatives. This chapter 
contains a review of commercially available water-using fixtures and 
systems for: (1) toilets, (2) bathing and personal hygiene, 

(3) drinking, cooking, and washing, (4) water and sewage systems, and 
(5) outdoor uses. (Water conservation and not energy conservation is 
the primary goal in introducing these systems, although energy conser- 
vation is realized using many of these systems.) The final chapter 
offers four scenarios that outline measures a homeowner can take to 
conserve water. 


Some cost data is provided but a consistent way of decision-making is 
not worked out. It is a non-technical well written study that would 
be of interest to the general public, particularly the homeowner, 
architect, or public official concerned with water supply and use. 


Goodbye to the Flush Toilet, Carol Hupping Stoner (ed.) Emmaus, Pa.: 
Rodale Press, Inc., C. 1977, 285 pp. 





This book examines alternatives to the flush toilet, such as vacuum 
and flush toilets that either use no water at all or else use only 
about one quart of water with each flush. It looks at the potential 
of the self-contained chemical and incinerating toilets, and at 
aerobic tanks designed to replace septic tanks, at pressure sewers, at 
costly gravity sewers, and at total household water recycling systems, 
considering energy costs with water consumption and conservation. The 
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primary focus is on composting privies and toilets. Descriptive, © 
non-technical information useful to the average homeowner or waste 
manager is provided. Excellent illustrations. 





Many of the advantages and disadvantages, costs, and size of 
commercially available composting toilets are compared. A chapter on 
greywater systems describes water treatment and suggests ways it can 
be reused. 


Treatment and Disposal Alternatives for Domestic Sewage Management. 
Washington, DC: The U.S. Department of Housing and Urban Development, 
1978, G.P.0.#023-000-00445-3. 








This report provides a review of the treatment and disposal techniques 
available for domestic sewage management. 


The basic characteristics and volume generation data for domestic 
sewage are discussed. Subsequent sections describe the mechanics of 
conventional primary, secondary, and tertiary sewage treatment pro- 
cesses. Discussion and analysis of ultimate disposal alternatives are 
provided with emphasis on disposal techniques, effluent qualities and 
treatment required, and typical regulations associated with each dis- 
posal method. Finally, the overall capabilities of sewage treatment 
process/disposal alternatives are summarized in regard to pollutant 
removals, operational requirements, and reliability. 





Septic Tank Practices. Peter Warshall. Bolinas, CA: Mesa Press, C. @ 


This book provides an excellent description of small-scale on-site 
sewage treatment methods. Careful consideration is given to local 
disposal methods in which nutrients can be returned naturally to the 
surroundings, where they can be used by plants. 


Information useful to operations and maintenance staff is provided on 
septic tank and drainfield design, construction, care, and main- 
tenance. By anticipating ecological problems and analyzing site 
conditions at the design stage, some modification of site conditions 
and adaptation of the system to site conditions can improve the 
operation and maintenance of the system when it is in place. 
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This section on FEnvironmental Awarene:s 


Programs 
designed 
specific 
provides 


the focus for interpretive programs at your site 


is part of a two volume Planning Guide 
to belp you formulate an overall site- 
Energy Conservation Management Plan. It 
you with a list of resources to serve as 








which explain how energy can be conserved, as well © 
as instructions for designing the pro: ams. 
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INTERPRETIVE RESOURCES: 
OPPORTUNITIES FOR 
ENVIRONMENTAL AWARENESS 
PROGRAMS 


Interpretation of energy themes 
for the public musi be an integral 
part of any site's energy conservation 
program. Because all processes in- 
volve energy transfer, almost anything 
can be the sutject of an environmental 
awareness program on energy, once you 
understand the basic principles of 
energy transfer and see them at work 
in natural and managed systems. The 
only limits on coming up with nev 
ideas for programs are how much good 
information on the subject you have 
at hand, and your own creativity in 
using it. However, in putting to- 
gether the Planning Guide, we've taken 
an extra step come up with a list 
of interpretive resources that can be 
used as a starting point in developing 
programs with energy themes. There 
are several important reasons for 
this: 






@ The list of resources helps 
in creating programs, by 
identifying potential 
subjects or themes. 


@ Energy aspects of different 
resources are discussed in 
reference materials that are 
keyed to the list. 


@ The list helps to organize 
programs, so that a variety 
of subjects and methods can 
be created and delivered. 


@ The list makes site-specific 
planning easier, since 
planners need not consider 
resources that doen't exist 
at the site, and can focus 
instead on those that do. 





How the Resources Are Organized 


Interpretive resources have been 
organized in outline form under two 
major bhcadings: “Natural Systems” and 
“Managed Systems.” These are further 
subdivided as follows: 

The resources ender “Natural 
Systems” are: 


Ecosystems (Habitat types) 
Animals 

Plants 

Geologic Features 

Climate 

Astronomical Features. 


Greater detail is given in each 
of these categories. For instance, 
under “Plants.” there are headings for 
trees, shrubs, herbs and grasses, 
fungi, and algae. 

Under “Managed Systems," the 
broad range of man's activities has 
been divided into several groupings. 
These are: 


@ Land and Water Management 
@ Plant and Animal Management 
@ People Managemen’ 


The section on “People Management” is 
extensive and is further divided into 
"Site Administration Impact" and “Cul- 
tural Impact." References dealing 
with On-Site Energy Sources, ar 
included as a subheading of “Site 
Administration Impact.” Why? Use of 
a new energy source like hy/ropower 
will devend on administrative deci- 
sions as to how the site should be 
managed. 

The outline is a framework from 
which to start. If you work at a 
large natural area in the West, and 
the interpretive programming at your 
site emphasizes mountain ecology, the 
outline can help you find references 
that deal with energy aspects of 
mountain ecosystems. If, on the other 
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hand, you're looking for some variety 
in your programming, you might choose 
a topic under “Site Administration 
Impact ," and interpret Resource Pro- 
tection from an energy perspective. 
Once energy themes are familiar to 
you, new ways of applying them will 
occur to you easily. As we said 
above, the opportunities for coming up 
with environmental awareness programs 
on energy are limited only by the 
amount of good information at your 
disposal and by your own creativity. 


How the Reference Materials Can Help 


As you work through the “Planning 
Process” section wiich follows, vou'll 
probably find yourself needing more 
information on energy that fits 1 
with your new ideas or activities. 

The reference materials on Environ- 
mental Awareness Programs are intended 
to provide some of that information, 
but we encourage you to keep on lLook- 
ang! We've assembled a good group of 
references, but the references for 
other sections of the Planning Gu.de 
and your local library are certain to 
have valuable information that 
couldn't be included with this 
package. 

As you develop program ideas, 
there are several kinds of situations 
where the references will be useful. 
First, if you feel you'd like a 
broader understanding of energy in 
natural and managed systems, you'll 
want a general reference to read 
through for background. The first two 


books in this collection, the Ener 
Manual for Parks and Energy Basis a 
Man and Nature are intended to provide 


this broad understanding. Second, as 
you come to certain columns on the 

















Worksheets - “Interpretive Method” or 
“Resources Needed for this Activity,” 
for instance - you may draw a blank, 
especially if you haven't tad any 
experience with this new field, and 
you're trying to come up with ideas. 
Ti.e Energy Workbook for Parks has «a 
great many activity ideas and lists 
the resources you'd need to present 
them. The Energy Workbook is not a 
comprehensive source, and you'll soon 
look beyond it as you use differert 
methods and address different target 
audiences. However, some of the sug- 
gestions in its pages will help to get 
the ball rolling. 

Last!yv, as you build your pro- 
gtam, don't neglect the other sections 
of the Planning Guide. Valuable 
information is presented in each, from 
Buildings to On-Site Generation. If 
plans have been made to modify some of 
the buildings at your refuge or hatch- 
ery to make them more energy effi- 
cient, you may want to include some 
mention of .t: a check with the 
reference materials for Buildings will 
help you understand the technical 
changes that are being made. 











Examples 


To help you see whal we mean, 
we've included an example of how the 
references con be used to help you 
complete the planning exercise and 
create new programs using energy 
themes. 

Perhaps you work on a refuge 
which manages a prairie ecosystem. 
Looking under “Natural Systems,” you 
come to “Prairie and Meadow" Eco- 
systems. There you find references 
which help explain energy flows in 
prairie systems. For a broad picture, 
you might go first to Odum’; discus- 
sion of energy flow in ecosystems. 
Then, if you wanted to cover animal 
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populations, scientific articles such 
as “Thermodynamic Equilibria of 
Animals with Enviromment™ are listed. 
These publications give vou specific 
information regarding energy and nat- 
ural systems. When you have a good 
start on program ideas, you might 
decide to include a study of prairie 
rodents in a direct instruction 
activity aimed at fifth grade stu- 
dents. They could do an inventory of 
2 prairie ecosystem, to include all 
natural and man-generated components. 
Once they’ve made the inventory, the 
students could make a diagram of 
energy flows. Then, a8 an exercise, 
they could be asked to vary different 
components, such as available forage, 
drought, or visitors who feed junk 
food to chipmunks. The references in 
the package will help, but they are 
not always specific. Additional 
information from the site library or 
other local sources will be essential, 
once your program is outlined. 


As with other divisions of the Plan- 
rot Guide, we have included a 

anning Process" section here to 
help you put together a workable 
program based on the preceding infor=- 
mation and your own resources. How- 
ever, this particular pla: ‘ng section 
is unique in several respects. First, 
no conservation measures are listed 
here. Instead, Worksheets I, an out- 
line of Interpretive Resources, is 
presented. These resources are not 
ranked according to priority as the 
conservation measures in other sec- 
tiors are. You need only select those 
resources which are applicab!: for 
your site. Each interpretive resource 
can be seen as an oppertunity for 
communicating an energy message to 
visitors and staff. Second, 








Worksheets II, Measures Evaluation, 
for this section are different from 
those which aprear elsewhere. They 
have been developed specifically to 
help you plan new environmental avare- 
ness programs. A sample of Work- 
sheets II, which has been filled out 
for you is included after the list of 
resources. Third, those working on 
new programs dezling with energy are 
encouraged to contact personnel in 
other divisions who are developing 
energy conservation manecement plans. 
The exchange of ideas with fellow 
staff members can be particularly 
useful in developing varied and 
interesting programs. In addition, 
assistance from your Regional \ sordi- 
nator may be available as vou develop 
your interpretive program. 

The following presents a three- 
step process that will enable you to 
use the materials provided for plan- 
ning. These steps are: 


Step 1. Familiarize yourself with 
the concepts of environmental! 
awareness programs in the preceding 


pages . 


If you have not already read 
these sections you should do so before 
continuing. They will help to give 
you an overview of the energy laws 
that affect all systems; they explain 
the organization of interpretive 
resources; and provide a guide and 
some examples of how to use reference 
materials in developing programs on 
energy themes. 











Step 2. Identify interpretive 
resources. 





Using the outline of interpretive 
resources, Worksheets I (see below) 
and your knowledge of existing 
resources, themes, and programs at 
your site, select those that might be 
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used as the subject of an interpretive 
message on energy. Use reference 
materials to increase your under- 
standing of the energy aspects of the 
resources you've chosen. 


Step 3. Complete Worksheets II. 





Use Worksheets II for Environ- 
mental Awareness Programs to plan 
activities, presentations, and other 
new program ideas. Work from the 
left-hand side of the sheets to the 
right, adding new information as you 
go from column to column. This step 
can be performed by an individual, but 
often is faster and liveiier if done 
in a smali group. An explanation of 
the columns, and what goes in each, is 
given below: 


Interpretive Resource 





Fill out this column by selecting 
an interpretive resource from the 
outline or choosing one of your own. 
Anything that can be interpreted or 
that can serve as the subject of an 
environmental education program is 
potentially an interpretive resource, 
whether it is a famous landmark, an 
ecosystem, or a legend. 


Target Audience 





In this space, note the visitors 
who might be involved with the 
resource, when interpretation is pos- 
sible. Consider their similarities 
and differences. Where possible, 
indicate age level, educational back- 
ground, and the likelihood that they 
have previous knowledge of the sub- 
ject. Consider what is likely to 
affect the audience you have profilea 
here. 





Subject of Energy Message 





In this column, record specific 
information and ideas on the energy 
theme that will be conveyed through 
interpretation of the resource. Back- 
ground information from the technical 
references can be written here. 


Interpretive Method 








This is the place to show what 
activity or medium you choose to con- 
vey the message. Below, you'l! find a 
list of interpretive methods, together 
with an example of an appropriate use 
of each one: 


@ Verbal Message: Explaining 
an energy conservation measure 
to a visitor, who asks why a 
vestibule is being installed 
at the front door of the 
visitor center. 


e Interpretive Talk: Giving a 
campfire program and a slide 
show on energy flows in nat- 
ural and managed systems. 


@ Self-Guided Tour: A nature 
trail with a pamphlet or 
signs explaining how energy 
moves through the ecosystem. 


e Signs and Posters: A sign on 
a solar collector, explaining 
the mechanics of the system 
and its impact on fuel use at 
the site. A poster displayed 
in an interpretive center that 
traces the history of the use 
of wind power. 


@ Displays: Showing the operat- 
ing principles of hydropower 
systems, with a waterwheel or 
small hydroelectric generator. 
Unmanned slide shows and audio 


messages could also be used 
here. 
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@ Demonstrations: Building a 
homemade solar collector with 
available materials. Includ- 
ing an energy message with 
demonstrations of cooling on a 
wood stov. or campfire. 


e Literature: Researching and 
writing up energy ideas for 
the area, using background 
information and local sources, 
including energy messages in 
publications developed by 
refuge or hatchery staff end 
cooperating associations, such 
as activity schedules and 
programs. 


e Newsletters: Sharing new 
ideas on activities or 
energy-saving measures in 
Departmental newsletters. 


@ Special Events: Holiday 
programs, festivals, or other 
unique events may be opportune 
times for special activities 
or projects on energy. 


@e Direct Instruction: Adding 
energy ideas to existing 
environmental education 
materials, or developing 
new ones. 


How Method Will Convey Energy Message 





In this column, the method and 
the message come together. Show how 
the chosen method or interpretive 
technique can get the message across 
to the target audience. 


Potential Barriers 





The new program might, in some 
way, conflict with policy, cause a 
safety hazard, endanger the resource, 
or produce undesirable effects on 


the visitor or the public in general. 
If it won't be an interesting program 
for interpreters to deliver, lack 

of staff motivation may also be a 
barrier. 


Anticipated Goals/Benefits 





This space is reserved for a 
statement of the objectives met by 
conveying the message. It should 
show the value or positive results 
which can be anticipated from imple- 
menting each new program. Note the 
impact on visitors, potential com- 
munity goodwill, resulting energy 
savings, improvements in staff morale, 
or movement toward achievement of 
management goals. 


Check Point 








At this point, decide whether 
to stop or go on. Does the idea 
deserve further consideration? 
Compare expected benefits with the 
barriers to implementation. When 
barriers are large and benefits are 
minor, you'll probably decide to stop. 
Even when expected benefits are sig- 
nificant, stiff barriers may force 
a halt in further planning. Another 
option, between "stop" and "go on," 
is to call for a feasibility study. 
If a major commitment on the part of 
the site is called for, more study is 
probably warranted. 


Resources Needed 





Most interpretive methods call 
for resources of some kind -- audio- 
visual equipment, firewood, or mater- 
ials for homemade props and displays, 
to name a few. Some are readily 
available, others are hard to find or 
expensive to acquire. Identify what 
you'll need in this column. 
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Estimated Cost 





Estimate the cost of any resource 
materials identified in the prev ious 
column. Give 4 separate estimate of 
the number of hours required to 
prepare and present the activity. 
This should reflect not only the time 
of the interpretive staff, but also 
that of maintenance per: onnel and 
others who might be called on to 
prepare materials. 

Estimates of dollars and hours 
should be shown in this space, with 
whatever explanation is needed. It 
should be remembered that funding for 
interpretive programs does not neces~ 
sarily have to come from site operat~ 
ing budgets. You should investigate 
the availability of Interpretation and 
Recreation funds. 


Potential Activity Hours 





An estimate of the number of 
activity hours generated by the new 
program can be calculated by using 4 
simple formula, 


Tx Nx P* Potential Activity 
Hours 


where (T) is the amount of time 
devoted to the energy message, (N) is 
the number of times the message is 
given each year, and (P) is the number 
of people who will participate. Acti- 
vity hours generated by signs can be 
figured by 


Tx N* Potential Activity Hours 


where (T) is the average time taken to 
read the sign, and (N) is the esti- 
mated number of people who will see 
the sign in a year. 


Evaluation Method 





This last column should show some 
method for determining whether the 











— 


program is achieving anticipated 
goals. The techniques employed here 
can be fairly subtle. For example, 
the goal of an activity might be to 
show how wasting resources such as 
trees means wasting energy, and the 
message is written up in 4 brochure. 
One evaluation technique would be to 
observe the use of the brochures. 

Do people take them? Do they throw 
them on the ground or put them in 4 
pocket to read later? If you prepare 
an oral presentation, you can build in 
evaluation questions to ask partici- 
pants. Their answers will indicate 
whether they've understood what you've 
been saying. Listening for the types 
of questions that visitors ask at the 
end of a presentation can also help in 
evaluation. 





After you have compiled a list of 
potential conservation measures 
for this section and have com- 
pleted your planning worksheets, 
you should review the material in 
the Introduction which explains 
how to pull all of your measures 
together into 4 comprehensive 
Energy Conservation Management 
Plan. 


REMEMBER: The measures you are 
considering for environmental 
awareness are meant tc be a oart 
of your total plan. 
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ENVIRONMENTAL AWARENESS PROGRAMS 


Current/ © 





Interpretive Resource 







































































Status | Technic.1 Reference ** 
| 
I. NATURAL SYSTEMS | 
A. Ecosystems | | Enersy Basis, p. 93-114; 
Energy Manual, Ch. 2 & 8 
l. Prairie and Meadow | Bioenergetics, p. 545; 
| Pop. Energy Flow, p. 88-96 
| 
2. Forest | Energy Basis, p. 69, 107-111, 
| | 135-137 
3. Marine . Energy Basis, p. 142-143, 109- 
| lll, 205-206 
4. Desert | _ Development, p. 21-22; 
| | Energy vs. Archeolocy, p. 14-15; 
_ Thermodynamic, p. 234-236; 
| | 239-242 
' 
5. Mountain | Energy Basis, p. 123-126 
| | 
6. River and Stream Enercy Basis, p. 100-105 
7. Lake and Pond | _ Energy Basis, po. 142-143, } 
| | 109-111 
8. Cave | | Development, p. 11-14, 66-68 
f | | 
9. Marsh | 
10. Beach | | Energy Basis, p. 113, 175; 
| Energy Ideas, p. 6-7 
ll. Arctic | | Heat Regulation, p. 237-258; 
| Energy Basis, p. 139 
12. Other 
} 
B. Animals | | Energy Basis, p. 99-102, 109-113; 
Thermodynamic, p. 227-244 
1. dAammals Heat Regulation, p. 237-258 
Bioenergetics, p. 537-548 
2. Birds Thermodynamic, p. 227-233, 
236-238; 
Development, p. 96a & b 











** These references are part of a core library which should accompany these enersy © 
conservation/management planning materials. 
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Interpretive Rescurce Status Technical Reference 
3. Rertiles Thermodynamic, p. 235-236 
4. Amphibians 
5. Fish Energy Basis, p. 72-73, 
205-207 
6. Invertebrates (including | 
insects) | 
Cc. Plants ' 
l. Trees | Enercy Basis, p. 1(5-106 
| ; 
2. Shrubs | 
3. Herbs | 
4. Fungus, lichens, algae, mosses 
D. Geologic Features | Energy Basi: 123-129 
1. Plate Tectonics Energy Basis, 123-126 
2. Sedimentary Rock Energy Basis, p. 123-126, 129 
Formation - 
Igneous Rock | Energy Basis, p. 129 
Formation , 
Metamorphic Rock 
Diastrophism 
Erosion | Energy Basis, p. 123-127 
Hydrological Features Energy Basis, p. 120-121 
(waterfalls, sand bars, | 
cutbanks) 
Geothermal Features Energy Basis, p. 125, 187-188; 
Energy Manual, Ch. 5, Pp. 12-13 
Glacial Features 
Volcanic Features Energy Basis, p. 126-127 
lopography 
= 
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Interpretive Resource 


Current 
Status 


Technical Reference 





E. 


Climate 


l. Water Cycle 


2. Wind Cycle 


3. Pressure Systems 

4. Extremes (tornadoes, 
hurricanes, floods, 
droughts, etc.) 

5. Available solar energy 

Astronomic Features 

l. Sun 


2. Stars (constellations 
nova, nebula, etc.) 


3. Planets 
4. Moons 


5. Galaxies 


II. MANAGED SYSTEMS 


A. 





Land and Water Management 

l. Urban Areas 

2. Town and Village 

3. Fural Areas 

4. Wilderness 

5. Recreation Areas (picnic 
areas, campgrounds, golf 
courses, etc.) 


6. Environmental Study Areas 


7. Research Areas 





ne 





A <r a 





Asi 














Energy Basis, p. 29, 44-45, 


17-12) 





Energy Bass, p. 
172-175 


118-123, 





Energy Basis, p. 118-121 





Children, p. 6-15 


Energy Workbook, p. 27 





Energy Workbock, p. 72 

















WORKSHEET I 
ENVIRONMENTAL AWARENESS PROGRAMS 





Current 


Interpretive Resource Status Technical Reference 





8. Boundaries (man's impact 
on energy flow by designat- 
ing linear boundaries) 


9. Dams Enercy Manual, p. C-30 to C-3l 





10. Reservoirs 
ll. Ponds 


12 Waterways (rivers, streams, 
canals) 


B. Plant and Animal Management 


1. Controlled Animal Areas 
(especially those areas 
set aside for animals which 
cannot be easily confined 
and protected, such as 
buffalo) 


2. Habitat Areas (especially 
those areas set aside for 
animals which cannot be 
easiiy confined, such as 
birds) 





3. Raceways 


4. Parks Development, p. 1-100; 
Energy vs. Archeology, p. 14615; 


Energy Workbook, p. 22, 27, 89 





5. Fish Production/Distribution 


6. Agriculture (including _ Energy Manual, p. 4-3 to 4-4; 
livestock and silviculture) Energy Workbook, p. 72 





7. Endangered Species 
C. People Management 
l. Site Administration Impact 


a. Transportation 








b. Visitor Flow 
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Interpretive Resource 


Current 
Status 


Technical Reference 








Buildings 


Recreation (hiking, 
Camping, Skiing, etc.) 


Interpretation 
Concessions 
Resource Protection 
Law Enforcement 
Regulations/Policy 
Waste Management 
Planning 


Energy Sources On-Site 


2. Cultural Impact 


Social Systems (mutual 
relations of people) 


Communication 
Political Systems 
Religion 
Ritual/Tradition 


Economic Systems 


Educational Systems 
Art 


Shelters (living and 
occupational) 


Transportation 





























Producing Power, p. i3-15, 
61-63, 103-104, 191-193; 
On-Site Generation, Vol. Iil 





Energy vs. Archeology, p. 14-15 





Energy Manual, p. 4-1 to 4-6; 
Energy Basis, p. 199-203 


Energy Manual, p. 6-11 to 6-19; 
Energy vs. Archeology, p. 14 
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, Current 
Interpretive Resource Status Technical Reference 
k. Food Production and Producing Your Own Power, p. 
Preparation 103-135 
l. Military Systems Energy Basis, p. 209 
m. Artifacts (archeological | Enercy vs. Archeology, p. 14-15 
artifacts, documents, 
etc.) 
' ' 
| 
| 
' 
| 
| 
| 








Worksheet II: Measures Evaluation 








Subject 
Interpretive Tarcet of Interpretive How Interpretive Methoc 
Pesource Audience Energy Method Will Convey 
Messace Energy Message 
Historical building Aggregates: Comparing /Demonstration| Point out that early settlers knew what types of wood pro- 
{heating system - campers, modern f wood stove/| vided the best heat for use in the stove. Several types 
wood stoves) | tour groups, | with ear- jduring tour of local trees can be shown and their relative density/ 
hikers, fam-/| ly Amer- jof histori- enersy explained 
ilies ican heat¢cal home 
Age level: all! ing 
Ed. level: all 
Impact: inter- 
national 
Previous know- 
ledge: None 
Energy sources on Aggregates: Explain- |Demonstration] Show electrical output by attaching a vol” meter and light 
site - wind families, how wind jof existing bulb to an electric generator associated with the windmill. 
hikers can sup- j|windmill as Visitors are instructed how to engage the device and a sign 
Age level: all] plement source of will read: “The same wind that cools us on a hot day, or 
but the el- | or re- energy gen- that sings to us from the tops of fir trees, can bring 
Gerly and place eration on light to darkness. Harnessing its power is transforming 
the very conve n- trail walk its gift.” 
young tional 
Ed. level: all/ energy 
Impact: local 
to national 
Previous know- 
ledge: none 
Controlled animal Aggregates: Energy | Wild’i“%e brod Energy in the form of forage - as a limiting factor of 
areas families, (food) asi chures avail4 the number of buffalo possible on a refuge 
hunters, limiting | able in Visi 
fishermen, factor tor Cen.er d 
school and in pop- | explain man- 
conse rva- ulation agement pro- 
tion groups blems of 
Age level: all large mam- 
Ed. level: al mals. 








Impact: local 
Previous know-~ 





ledge: some 











@ ss 
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Worksheet Ii: Measures Evaluation (Part II) 





Implementation Issues 





Potential 
Barriers 


What is the 
Goal /Benefit 
of this 
Activity 


Decision 


Point 


Resources 
Needed for this 
Activity 
(Materials ind 
Staff Support) 


Estimated 
Cost 


($ & Brs) 


Training 
Needs 


Potential 
Activity 
Hrs/Yr 


Evaluation 
Method 





= Visitors may get 
the wrong impress? 


Air pollution 


sion of park 
policy re con- 
servation 
Tnappropriate 
ventilation 
Can*t use park 
wood 


Visitor safety 
Cost 


Visitor disinter¢ 
est 

Negative atti- 
tudes 

re generation of 


more paper 





Pamiliarize visi-~ 
tors with the wu 
of wood burning 
stoves 

Introduce types 
of native tives 
by relating the.ar 
heating effici od 


cy 


Pwaken Visitor 
awareness of al- 
ternative energy 
potential 
Interpret exist- 
ing piece oi 
machinery, add- 
ingto its import- 
ance 


Explain import 
of energy avail- 
ability as deter- 
mining factor in 
populations 
Public acceptance 
of management 
policy that re- 
strivts growth 
of herds 





top 


Study 


on 





Help in designing 
and printing the 
brochures 


25 ,000 





5¢/brochure None 
«= $25 for 








3,500 hre/yr 





Small, informal 
survey, based on 
Girect observa- 
tion of how many 
brochures are 
taken and read, 
assuming that 
each brochure 
reaches an audi- 
ence of 4 people. 
Extrapolate sample 
results to remain- 
ing population 
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Center for Wetlands, University of Florida, and Bureau of Comprehen- 
sive Planning, Division of State Planning, Florida Department of 
Administration. South Florida: Seeking a Baiance of Man and Nature. 
Gainesville, FL: University of Florida, (no date), p. 11. 
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ABSTRACTS 
Core Sources 


Energy Ideas, Arlington, VA: Energy Conservation Project, National 
Recreation and Park Assoc., No. ll, 1976. 


A brief look at the status of wind energy producing systems, the 
benefits, and problems that exist. Three interpreters then explain 
how wind energy affects their parks, and how they have incorporated 
wind energy into their interpretive programs. 


"Bioenergetics of North Plains Rodents," American Midland Naturalist, 
D.R. Johnson & K.L. Groepper, 84(2):537-548, 1970. 





The study of bioenergetics is a difficult one due to the general lack 
of specific information. In this study, the relative metabolic rates 
and assimilation efficiencies are discussed, and correlations are made 
which show certain patterns of energy use. Measurements were taken at 
rest and with exercise. Although results in the study are limited, 

the use of rodents serves as a good example of the type of information 
necessary to understand the flow of energy through biological systems. 


"Development of the Energy Conservation Theme for Use in National Parks," 
William J. Lewis, Final Report of the Field Directorate, National Park 
Service, 1976. 


Dr. Lewis is a professor of communication at the University of 
Vermont, and an Oral Communication Specialist with the National Park 
Service. Im 1975, Dr. Lewis was contracted to review existing efforts 
to include energy in interpretive programs and the potential to do 
more in the future. Dr. Lewis visited forty areas (primarily NPS) and 
inventoried what he saw as appropriate methods to incorporate energy 
interpretation. The report documents the visits, describing brain- 
storming sessions, ideas he came across, and critiquing activities and 

: personnel. The introduction and summary are included to give examples 
of what can be done in a variety of settings. The process of brain- 

: storming and determining what is appropriate as an energy interpretive 
resource at a site is well represented in Dr. Lewis’ efforts. 





“Energy vs. Archeology" What We May Never Learn From Chaco Canyon," 
lean Matthews, Courier, National Park Service Newsletter, 1:14-15, 
1977. 


In true interpretive fashion, Jean Matthews sees the implications of 


energy availability on a primitive society which once inhabited Chaco 
Canyon National Monument. Then the author takes her theory one step © 


Alo! 
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further, to look at current plans for the area adjacent to the canyon 
which may become a modern-day boomtown. Although the information is 
specific to Chaco Canyon, the method for applying energy fundamentals 
to cultures is appropriate for other areas. 


“Population Energy Flow of Three Primary Consumer Components of Old-Field 
Ecosystems ," Ecol , E.P. Odum, C.E. Connell, & L.B. Davenport, 
V43:88-96, 1962 


This study determined the population energy flow of three major 
primary consumer groups living in the early stages of old-field suc- 
cession. The three groups were: grasshoppers and crickets, Savannah 
sparrows, and old-field mice. Statements concerning the amount of 
energy used for production; amount of available energy required by 
the population; and food as a limiting factor in the populations, make 
the study helpful in determining the role of trophic levels and popu- 
lations, make the study helpful in determining the role of trophic 
levels and populations in utilizing available energy. Tables in the 
study explain respiration rates, utilization of plants by herbivores 
and granivores, and methods for estimating population energy flow. 


Energy Basis for Man and Nature, Howard T. Odum, and E.C. Odum, N.Y.: 
McGraw-Hill Book Co., 1976 





A thorough and concise explanation of the author's theory of integrat- 
ing energy, environment, and economics based on a series of diagrams. 
An explanation of the diagram symbols and terminology is a necessary 
tool in working with this approach to energy systems and flow. Of 
particular interest to the interpreter is the section entitled, "Flows 
of Energy Build and Operate Systems" which includes the principles of 
energy and energy flow in ecological systems. Familiar topics treated 
with a new approach are: succession of species, food chains, mineral 
cycles, and diversity. The author expands these systems to illustrate 
human support systems and the controversial area of social change. 


Children of the Sun, Janis Philbin, N.W. Office of the State Office of 
nvironmental Education, Sacramento, CA, 1978. 





The emphasis is on solar energy in this collection of information and 
activities for grades 5 - 12. Along with introduction to basic con- 
cepts and terminology, the book contains a wide range of activities 
suitable for direct instruction in an outdoor setting. Exercises 
cover plotting the sun using simple astronomical instruments; measur- 
ing heat storage capacity of diverse items; building simple solar 
cookers; and applying energy education to problems of society and 
communication. With minor changes, the activities can take on 
significance on a site-to-site basis. 


obo 
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“Thermodynamic Equilibria of Animals with Environment ," Ecological © 
Monographs, W.P. Porter and D.M. Gates, v39, 227-244, 156 








A helpful overview of energy flow within an ecosystem and the energy 
budget, introduce this study which also includes a large amount of 
detailed graphs and equations. Regardless of your interest or dis- 
interest in the technical detail, the concepts discussed are important 
to the understanding of energy and natural systems. Cther specific 
topics covered in the study are: climate space, radiation absorption, 
energy exchange as related to body surface, and heat transfer within 
the animal. Specific animals covered in the study are desert iguana, 
masked shrew, zebra finch, Kentucky cardinal, sheep, pig, and jack 
rabbit. 


“Heat Regulation in Some Arctic and Tropical Mammals and Birds,” Biological 
Bulletin, P.F. Scholander, Raymond Hock, V. Walters, F. Johnson, & 
L. Irving, V99, pp 237-258, 1950. 


A comparative study of the effects of temperature change on metabolic 
rate and body heat in animals from the cold and hot regions of the 
world. Included in the study were white fox, Eskimo dog, polar bear 
cubs, ground squirrels, lemmings, weasels, arctic gull, Canada jay, 
snow bunting, sloth, night monkey, marmoset, raccoon, coati, jungle 
rat, manakin, and night hawk. Comparisons of animals as to size as 
well as location, are helpful in understanding the basic heating and © 
cooking mechanisms in animals that man has augmented with his stoves 
and air conditioners. The information is technical, but for those who 
aren't interested in figures, there are interesting items like, “Fur 
clothing and fur sleeping bags are usually not made from the heaviest 
winter fur, but rather from lighter autumn fur with less insulating 
value." 





Energy Manuai for Parks, Lee Stephenson, Arlington, Va: National 
Ksereat tes and Park Assoc., 1976. 


A document produced by the Park Project on Energy Interpretation, this 
manual is designed to give interpreters the basic information they 
need to include energy messages in their programs. The Laws of 
Thermodynamics and other theories of energy are presented with an 
emphasis on natural systems. Overviews include alternative energy 
sources, the energy situation in man's system, the potential and 
necessity for copservation, and a look at what's in store. The manual 
is full of a variety of charts and graphs, such as the carbon cycle, 
: worldwide look at energy use per capita, comparative environmental 


impacts of energy options, and a simple solar heating system. 
Appendices list measurements and conversions, alternative energy 
forms, a bibliography, and additional resources. 
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@ Energy Workbook for Parks, Lee Stephenson and Nancy Strader, Arlington, VA: 
National Recreation and Park Assoc., 1977, (not in print). 








Chapter titles include, "The Sun Does It," “What is Energy?," ‘7low 
and Cycle," “Rules of the Game,” “Eat at Sol's," and “Limits.” In 
each chapter there is general background and scientific information 
combined with specific activities that have been tried by interpreters 
throughout the nation. Many of the activities represent first 
attempts at incorporating energy themes in the outdoor setting of 
parks. Perhaps the most useful way to approach this book is to see 
it as a stimulus for you to adapt particular ideas and information to 
your individual style and program. Activities range from subtle 
messages to entire presentations concerning energy. A list of 
information sources can be found in the back. 


Producing Your Own Power, Carol Hupping Stoner (ed.), NY: Vintage Books, 
c 1975 





A team of scientists, engineers, educators, and architects combined 
forces to produce this very readable test on alternative energy 
sources. Chapters include information on wind power, water power, 
wood burning, methane, and solar power. Short histories of the 
evolution of the technology are given in each area. Of particular use 
to interpreters are the instructions on developing small systems, such 
© as a water wheel or windmill. Charts and graphs explain relative 
energy stored in different types of wood, airflow through a wood 
stove, power output by different wind generators, the parts to wind- 
mills, and other interesting areas. Although it would be difficult to 
develop an energy producing system using this book alone, the applica- 
tion of the technology to low-key systems is very helpful in making 
the system explainable to the casual park or refuge visitor. 




















